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I n t r o d u c t i o n 

The How and Why Wonder Book of the Microscope in t roduces one of 
the ins t ruments that has been most impor tan t to scientists in their never-
ending search for accura te knowledge about our world. T h e ins t rument 
helps our eyes, wonderful as they are, to be even more wonderful , by extend
ing the sense of sight. It br ings before our eyes the world of invisible life, 
the world of tiniest p lan ts and animals, the bacteria and protozoa. Indeed, 
the microscope makes the "unseen wor ld" visible. 

But to get full p leasure and benefit from this r emarkab le ins t rument 
requires knowledge of how to opera te it carefully. It requires pract ice in 
focusing light and in p repa r ing specimens for examina t ion . Th i s book will 
help the beginning microscopist learn these things. A n d it gives direct ions for 
using the microscope to observe the details of m a n y c o m m o n things all 
a round us. A page of this book suddenly becomes a mass of stringy fibers, 
while the surface of a tree leaf becomes a miracle of designs when viewed 
through a microscope. 

Every young scientist has ahead of him m a n y exciting experiences explor
ing the unseen world. The How and Why Wonder Book of the Microscope, 

like the other publ icat ions in the series, is a useful teacher and guide in 
that explorat ion. 

Paul E. Blackwood 

Specialist for Elementary Science 

U.S. Department of Health, Education and Welfare 

Washington, D. C. 

© 1961, by Wonder Books, Inc. 
All rights reserved under International and Pan-American Copyright Conventions. 
Published simultaneously in Canada. Printed in the United States of America. 
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A n U n s e e n W o r l d 

T h e h u m a n e y e is a w o n d e r f u l o r g a n . 

O u r eyes te l l u s m o r e a b o u t t h e w o r l d 

a r o u n d u s t h a n a n y of o u r o t h e r s ense 

o r g a n s d o . T h e size a n d s h a p e of t h i n g s , 

t h e i r c o l o r , t h e i r d i s t a n c e f r o m us , a n d 

w h e t h e r o n e o b j e c t is in f r o n t o r in b a c k , 

a b o v e o r b e l o w , a r e al l t h i n g s w e l e a r n 

b y u s i n g o u r eyes . W e c a n see t h i n g s 

t h a t a r e o n l y a few i n c h e s in f r o n t of 

o u r eyes , a n d t h e n w e c a n l o o k o u t t h e 

w i n d o w a n d i n s t a n t l y see t h i n g s m o r e 

t h a n a m i l e a w a y . 

Y e t , r e m a r k a b l e a s o u r eyes m a y b e , 

t h e r e a r e m a n y t h i n g s t h e y c a n n o t en

a b l e u s t o see. A m o n g t h e s e a r e v e r y 

sma l l t h i n g s . U s u a l l y , w h e n w e t a l k 

a b o u t s m a l l t h i n g s , w e m e a n t h i n g s 

a b o u t t h e size of t h e p e r i o d a t t h e e n d 

of th i s s e n t e n c e . N o w , y o u c a n see t h e 

p e r i o d q u i t e eas i ly , a n d if it w e r e o n l y 

o n e - t e n t h i t s size, y o u c o u l d still see i t . 

B u t if t h e p e r i o d s h r a n k t o o n e - h u n 

d r e d t h of i ts p r e s e n t size, y o u w o u l d 

p r o b a b l y lo se s igh t of it . Y e t , sma l l a s 

t h e s h r u n k e n p e r i o d m i g h t be , it w o u l d 

still b e m u c h l a r g e r t h a n m i l l i o n s of 

Microorganisms are organisms of microscopic size. 
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1 FAIRY SHRIMP 
2 DINOFLAGEUATE 
3 HYDROIDS 
4 NEMATODE 

5 NOCTILUCA 
6 PLANARIAS 
7 PROTOMYXA 
8 HAIOSPHAERA 



dif ferent k i n d s of t h i n g s t h a t ex is t in 

y o u r e v e r y d a y w o r l d . 

T h e r e a r e c e r t a i n p l a n t s — w h i c h w e 

sha l l s o o n l e a r n a b o u t — t h a t a r e so 

sma l l y o u c o u l d p u t 2 5 0 , 0 0 0 of t h e m o n 

t h e p e r i o d a t t h e e n d of t h i s s e n t e n c e . 

A n d t h e r e a r e a n i m a l s t h a t a r e n o t 

m u c h b i g g e r . 

N o m a t t e r h o w c lo se ly y o u l o o k a t 

t h e s h e e t of p a p e r o n w h i c h t h e s e w o r d s 

a r e p r i n t e d , it wil l still l o o k l ike a fa i r ly 

s m o o t h su r f ace , b u t if y o u r e y e s c o u l d 

see m u c h s m a l l e r t h i n g s t h a n t h e y n a t u 

r a l l y c a n , y o u w o u l d see t h a t t h e p a p e r 

is r e a l l y a t w i s t e d m a s s of fibers. 

T h e r e a r e h u n d r e d s of d e t a i l s a b o u t 

t h e w o r l d t h a t a r e t o o s m a l l f o r y o u r 

u n a i d e d eyes t o see. H o w , t h e n , d o w e 

l e a r n a b o u t t h e s e d e t a i l s ? W h a t c a n w e 

u s e t o a i d o u r e y e s in s e e i n g t h e u n s e e n 

w o r l d of v e r y s m a l l t h i n g s t h a t a r e al l 

a r o u n d u s ? W e c a n u s e a n i n s t r u m e n t 

c a l l e d a microscope. 

T h e M i c r o s c o p e 

What is a 
microscope? 

A m i c r o s c o p e is a n i n s t r u m e n t fo r l o o k 

i n g a t s m a l l t h i n g s . 

T h e w o r d microscope 

c o m e s f r o m t w o an 

c i e n t G r e e k w o r d s , mikros, w h i c h m e a n s 

" s m a l l , " a n d skopein, w h i c h m e a n s " t o 

l o o k a t . " 

A l l m i c r o s c o p e s h a v e o n e t h i n g in 

c o m m o n : T h e y c o n t a i n o n e o r m o r e 

p a r t s c a l l e d lenses. A l e n s is a n y c l e a r 

s u b s t a n c e t h a t h a s a def in i t e s h a p e a n d 

will b e n d l igh t r a y s a s t h e y p a s s t h r o u g h 

i t . M o s t l e n s e s a r e m a d e of g lass , b u t 

a l e n s c o u l d b e m a d e of w a t e r , of oi l , 

o r of c l e a r p l a s t i c . 

How does 
it work? 

W h e n w e see a n y t h i n g , w e d o so be

c a u s e l igh t is re f lec ted 

f r o m t h e o b j e c t t o o u r 

eyes . If t h e r a y s of l i gh t 

c o m e s t r a i g h t f r o m t h e o b j e c t t o o u r 

eyes , w e see t h e o b j e c t in i t s n a t u r a l 

s ize. B u t if t h e r a y s of l igh t c o m i n g t o 

o u r e y e s a r e b e n t in a c e r t a i n w a y , t h e n 

t h e o b j e c t l o o k s b i g g e r . W h e n th i s h a p 

p e n s , w e s a y t h e o b j e c t is magnified. A 

l e n s of t h e p r o p e r s h a p e c a n b e n d l igh t , 

so t h a t t h i n g s w e see t h r o u g h t h e l ens 

a r e m a g n i f i e d . A n y l ens t h a t d o e s th i s is 

a m i c r o s c o p e . 

Y o u m a y w o n d e r if l ense s c a n a l s o 
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m a k e t h i n g s l o o k s m a l l e r . T h e a n s w e r 

is " y e s . " Y o u c a n ea s i l y p r o v e th i s b y 

l o o k i n g t h r o u g h t h e l a r g e e n d of a h a n d 

t e l e s c o p e o r a p a i r of field g l a s se s . 

What is a 
simple 
microscope? 

M i c r o s c o p e s t h a t a r e m a d e of o n e , o r 

p e r h a p s t w o , l e n s e s a r e 

u s u a l l y c a l l e d magni

fying glasses, o r hand 

lenses. T h e s e a r e 

p r o p e r n a m e s fo r t h e m , b u t t h e y a r e 

a l s o m i c r o s c o p e s . H a v e y o u e v e r s e e n 

t h e m a g n i f y i n g g l a s s u s e d b y s t a m p col

l e c t o r s ? I t is m a d e u p of j u s t o n e o r 

t w o s m a l l l e n s e s fixed in a m e t a l f r a m e 

a n d h e l d in t h e h a n d of t h e p e r s o n u s i n g 

i t . H a v e y o u e v e r s e e n a j e w e l e r o r a 

w a t c h m a k e r l o o k i n g a t a g e m o r a 

w a t c h t h r o u g h a b l a c k , s n o u t y - l o o k i n g 

o b j e c t h e l d a t o n e eye?" T h i s is a m i c r o 

s c o p e c a l l e d a loupe. D i d y o u e v e r see a 

p i c t u r e o f t h e d e t e c t i v e S h e r l o c k 

H o l m e s h o l d i n g a r o u n d m a g n i f y i n g 

g l a s s fixed i n a c i r c u l a r b a n d of m e t a l 

a n d a t t a c h e d t o a s h o r t h a n d l e ? A l l 

There are many kinds of 
instruments for looking 
at small things—used by 
detectives and others. 

t h e s e a r e e x a m p l e s of simple micro

scopes. A s i m p l e m i c r o s c o p e is o n e t h a t 

is m a d e u p of o n e o r m o r e l e n s e s t h a t 

s h o w y o u a m a g n i f i e d o b j e c t r igh t - s ide-

u p a n d in t h e s a m e p l a c e w h e r e y o u 

w o u l d see it w i t h o u t t h e l ens . Y o u wil l 

u n d e r s t a n d t h i s de f in i t i on b e t t e r w h e n 

w e l e a r n a b o u t t h e o t h e r k i n d of m i c r o 

s c o p e . 

Y o u c a n b u y a s ingle- o r d o u b l e - l e n s 

m i c r o s c o p e in a l m o s t a n y t o y s t o r e o r 

f i v e - a n d - t e n - c e n t s t o r e . S u c h m i c r o 

s c o p e s r a n g e in p r i c e f r o m less t h a n a 

d o l l a r t o t h r e e o r f o u r d o l l a r s . T h e v e r y 

c h e a p o n e s m a y h a v e p o o r l y - m a d e g l a s s 

l e n s e s o r p l a s t i c l e n s e s t h a t s c r a t c h 

eas i ly . A d o l l a r a n d a h a l f is p r o b a b l y 

t h e p r i c e fo r w h i c h y o u c a n b u y a v e r y 

u se fu l h a n d l ens , s u c h a s i s u s e d b y 

s t a m p c o l l e c t o r s . 

FINGERPRI 



What can 
you see 
w i th a 
simple 
microscope? 

W h e n y o u h a v e o b t a i n e d y o u r s i m p l e 

m i c r o s c o p e , y o u c a n 

u s e i t t o l e a r n t h i n g s 

a b o u t y o u r d a i l y w o r l d 

t h a t y o u n e v e r k n e w 

b e f o r e . O b t a i n a m a g 

a z i n e w i t h a s m o o t h , o r 

s l ick , p a p e r c o v e r t h a t b e a r s t h e c o l o r 

p h o t o g r a p h of a p e r s o n . T h e m a j o r i t y 

of t h e s l ick p a p e r m a g a z i n e s h a v e 

c o v e r s l ike th i s . W i t h y o u r m i c r o s c o p e , 

e x a m i n e t h e f a c e of t h e p e r s o n in t h e 

p i c t u r e . Y o u wi l l see t h a t t h e c o l o r of 

t h e flesh of t h e f a c e is m a d e u p of m a n y 

t i ny d o t s o r s p e c k s of d i f fe ren t c o l o r s . 

T h e r e a r e r e d , y e l l o w , a n d g r e e n o r b l u e 

d o t s , a n d t h e w h i t e c o l o r of t h e p a g e 

s h o w s t h r o u g h in s p a c e s n o b i g g e r t h a n 

t h e c o l o r e d d o t s . T a k e t h e m a g n i f y i n g 

l e n s a w a y a n d l o o k a t t h e p a g e w i t h 

y o u r u n a i d e d eye . Y o u wi l l see h o w t h e 

c o m b i n a t i o n of t h e s e d o t s , t o o s m a l l t o 

b e seen w i t h o u t t h e m i c r o s c o p e , b l e n d s 

t o g e t h e r t o p r o d u c e t h e c o l o r of flesh. 

W i t h t h e m i c r o s c o p e , l o o k a t t h e r e d 

a r e a of t h e c h e e k o r a t t h e l ips . Y o u 

Newspaper print looks like this when it is magnified. 

wil l see t h a t t h e r e a r e m o r e r e d d o t s 

c r o w d e d c l o s e r t o g e t h e r in o r d e r t o p r o 

d u c e t h e r e d d e r c o l o r . 

O p e n y o u r h a n d k e r c h i e f a n d l o o k a t 

i t a s y o u h o l d i t u p t o t h e l igh t . Y o u 

c a n eas i ly see t h a t i t is w o v e n of t h o u -
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A swatch of wool under a microscope shows its weave. 

Cotton gabardine twill as viewed under a microscope. 

s a n d s of t h r e a d s . N o w u s e y o u r m i c r o 

s c o p e t o l o o k a t t h e h a n d k e r c h i e f . Y o u 

wil l see h o w e a c h t h r e a d is w o v e n , first 

u n d e r , t h e n o v e r , t h e t h r e a d s n e a r i t . 

N o t e t h a t a l l t h e t h r e a d s a r e n o t e q u a l l y 

t h i c k . Y o u wi l l see t h a t m o s t of t h e 

t h r e a d s l o o k fuzzy b e c a u s e f r o m t h e i r 

s ides t i ny , f r a y e d filaments of fiber s t i ck 

o u t . 

L o o k a t s e v e r a l d i f fe ren t s a m p l e s of 



m 

* * • < 

c l o t h t h a t h a v e c o l o r e d p a t t e r n s . H o w 

c a n y o u te l l w h i c h s a m p l e s h a v e t h e 

c o l o r p r i n t e d o n t h e m a n d w h i c h h a v e 

t h e c o l o r w o v e n i n t o t h e m ? Y o u c a n 

d o t h i s b y t r a c i n g a s ing le t h r e a d w i t h 

y o u r m i c r o s c o p e . If , a s f a r a s y o u c a n 

f o l l o w t h e t h r e a d , i t i s o n e c o l o r , t h e n 

t h e c l o t h h a s a w o v e n p a t t e r n . O n t h e 

o t h e r h a n d , if y o u t r a c e a s ing le t h r e a d 

a n d find t h a t i t is c o l o r e d d i f fe ren t ly in 

d i f fe ren t p a r t s of t h e p a t t e r n , t h e n t h e 

p a t t e r n w a s p r i n t e d o n t h e c l o t h . 

Y o u r m i c r o s c o p e wil l r e v e a l h u n 

d r e d s of n e w t h i n g s , if y o u c a r e f u l l y 

e x a m i n e t h e o b j e c t s of y o u r d a i l y w o r l d . 

E x a m i n e a s t o n e t h a t h a s d i f fe ren t 

c o l o r s in i t . L o o k a t t h e s m a l l h a i r s o n 

t h e b a c k of y o u r h a n d . E x a m i n e a p i e c e 

of w o o d a l o n g t h e s u r f a c e w h e r e a c a r 

p e n t e r h a s s a w e d i t . L o o k a t t h e l eg of 

a n i n s e c t . 

Amethyst crystal's form when magnified. 

When you look at this print of a 
baby under a microscope, you can 
see that it is made up of many dots. 

Y o u wi l l a d d g r e a t l y t o y o u r i n t e r e s t 

a n d k n o w l e d g e 
How can you w h e n w o r k i n g 

keep a record . ., 
- . _ w i t h a m i c r o -

of w h a t you see? 

s c o p e , if y o u k e e p 

a r e c o r d of w h a t y o u see. Y o u c a n k e e p 

s u c h a r e c o r d i n a n o t e b o o k o r o n file 

c a r d s t h a t a r e five i n c h e s l o n g a n d t h r e e 

i n c h e s w i d e . B o t h t h e n o t e b o o k a n d t h e 

c a r d s c a n b e b o u g h t in a l m o s t a n y sta

t i o n e r y o r five-and-ten-cent s to re . 

H e r e a r e t h e t h i n g s t o p u t in y o u r 

r e c o r d b o o k o r c a r d s : 

Examination number . . . 

Date of examination . . . 

Object examined . . . 

Where I found it . . . 

What I saw . . . 

Remarks . . . 

U n d e r r e m a r k s , y o u m i g h t w a n t t o 

8 



An image out of focus (left). 

Image now in focus (right). 

Diagram (left): light passing 
through simple microscope. 

w r i t e s o m e t h i n g l i k e : " C o m p a r e t h i s 

w i t h E x a m i n a t i o n n u m b e r " F o r 

e x a m p l e , y o u m a y h a v e j u s t e x a m i n e d 

t h e a n t e n n a of a b u t t e r f l y , a n d s o m e 

t i m e b e f o r e , y o u h a d e x a m i n e d t h e a n 

t e n n a of a m o t h . Y o u w o u l d p r o b a b l y 

w a n t t o m a k e n o t e of t h e f a c t t h a t t h e 

a n t e n n a s of t h e s e t w o k i n d s of i n s e c t s 

a r e q u i t e d i f fe ren t . So , o n t h e c a r d 

b e a r i n g y o u r r e c o r d of t h e e x a m i n a t i o n 

of t h e bu t t e r f l y ' s a n t e n n a , y o u r e f e r t o 

t h e c a r d b e a r i n g t h e r e c o r d of t h e e x a m 

i n a t i o n of t h e m o t h ' s a n t e n n a ; a n d o n 

t h e m o t h ' s c a r d , y o u r e f e r t o t h e b u t t e r 

fly. C r o s s - r e f e r e n c e s l i ke t h i s wi l l g r e a t l y 

i n c r e a s e y o u r k n o w l e d g e of t h e t h i n g s 

y o u e x a m i n e . 

W h e n y o u w e r e e x a m i n i n g t h i n g s w i t h 

»A,L . • y ° u r s i m p l e m i c r o s c o p e , 

a focus? y o u P r o b a b l y n o t i c e d t h a t 

y o u c o u l d n o t see c l e a r l y 

w h e n y o u h e l d t h e l e n s j u s t a n y o l d dis

t a n c e f r o m t h e o b j e c t . Y o u h a d t o m o v e 

t h e l ens b a c k a n d f o r t h u n t i l t h e o b j e c t 

b e c a m e c l e a r . W h y w a s t h i s n e c e s s a r y ? 

Y o u r e y e h a s a l ens . T h i s l e n s c o v e r s 

t h e p a r t of y o u r e y e t h a t is c o l o r e d a n d 

a l s o t h e d a r k s p o t , t h e p u p i l , a t i t s cen 

t e r . L i k e a l l l enses , t h e o n e in y o u r e y e 

b e n d s r a y s of l i gh t . T h e l i g h t is b e n t so 

t h a t i t fa l ls o n t h e b a c k of y o u r e y e 

w h e r e l i gh t - sens i t i ve m a t e r i a l s a r e lo

c a t e d . W h e n t h e l e n s i n y o u r e y e w o r k s 

j u s t r i g h t , it b e n d s l i gh t so t h a t e a c h 

l igh t r a y e n t e r i n g y o u r e y e f r o m a n o b 

j e c t fa l l s e x a c t l y i n t h e p r o p e r p l a c e t o 

g ive a s h a r p i m a g e of t h e o b j e c t o n t h e 

b a c k of t h e eye . A s l o n g a s t h e p o i n t 

w h e r e t h e l i g h t r a y s f o r m a s h a r p i m a g e 

is e x a c t l y o n t h e b a c k of t h e eye , w e 

see t h e o b j e c t s h a r p l y a n d c l ea r ly . If t h i s 

p o i n t is t o o f a r f o r w a r d o r t o o f a r b a c k , 

o b j e c t s w e see a r e fuzzy a n d b l u r r e d . 

T h i s is w h a t h a p p e n s t o n e a r - a n d far-

s i g h t e d p e r s o n s . T h e p o i n t a t w h i c h a 

l e n s f o r m s a s h a r p i m a g e is c a l l e d t h e 

focus of t h e l ens . 

T h e l e n s of y o u r m i c r o s c o p e a l s o h a s 

a f o c u s . Y o u h a d t o m o v e t h e m i c r o 

s c o p e b a c k a n d f o r t h u n t i l t h e f o c u s of 

i t s l e n s w a s e x a c t l y w h e r e i t c o u l d w o r k 



w i t h t h e l e n s in y o u r eye , so a s t o f o r m 

a s h a r p i m a g e o n t h e b a c k of y o u r eye . 

W e ca l l t h e m o v i n g b a c k a n d f o r t h of a 

l e n s t o f o r m a s h a r p i m a g e focusing t h e 

l ens . 

W i t h a p a i r of p l i e r s , s t r a i g h t e n o u t a 

p a p e r c l i p o r a 
How can you p i e c e o f w k e o f 

make a water- . ., . . , 
, . „ s i m i l a r t h i c k n e s s . 
lens microscope? 

A t o n e e n d of t h e 

w i r e , b e n d a c o m p l e t e l o o p a b o u t o n e -

s i x t e e n t h of a n i n c h a c r o s s . R u b a l i t t l e 

g r e a s e o r c o o k i n g oil o n t h e l o o p . D i p 

t h e l o o p in w a t e r a n d g e n t l y r e m o v e i t . 

W i t h i n t h e l o o p wil l b e a d r o p of w a t e r 

t h a t f o r m s a l ens . L o o k a t t h e p r i n t o n 

a p a g e t h r o u g h t h e w a t e r l ens . T h e l e n s 

wi l l p r o b a b l y m a g n i f y t h e p r i n t t o t w i c e 

i t s n a t u r a l s ize. E v e n t u a l l y , t h e w a t e r 

wi l l e v a p o r a t e , b u t i t is e a s y t o m a k e 

a n o t h e r w a t e r l ens . 

A d i f fe ren t k i n d of m i c r o s c o p e w i t h 

a w a t e r l e n s c a n a l s o b e m a d e . W i t h a 

h e a v y s h e a r s , c u t a s t r i p f r o m a t in c a n . 

T h i s t in s t r i p s h o u l d b e a b o u t o n e i n c h 

w i d e a n d f o u r i n c h e s l o n g . B e ca re fu l 

n o t t o c u t y o u r s e l f o n t h e s h a r p e d g e s 

of t h e t in . W h e n t h e s t r i p is c u t , d u l l 

t h e e d g e s w i t h a file, o r c o v e r t h e e d g e s 

w i t h a d h e s i v e t a p e . 

M a r k t h e e x a c t c e n t e r of t h e t i n s t r ip . 

P l a c e t h e s t r i p o n a p i e c e of w o o d , a n d 

d r i v e a m e d i u m - s i z e n a i l t h r o u g h t h e 

c e n t e r . D o n o t u s e a n a i l t h a t wi l l m a k e 

a h o l e m o r e t h a n o n e - s i x t e e n t h i n c h in 

d i a m e t e r . R e m o v e t h e n a i l a n d t h e p i e c e 

of w o o d . 

B e n d t h e e n d s of t h e s t r i p d o w n w a r d , 

so t h a t t h e s t r i p wi l l s t a n d . A s w i t h t h e 

l o o p m i c r o s c o p e , r u b a l i t t l e g r e a s e o r 

o i l a r o u n d t h e h o l e in t h e s t r ip . S t a n d 

t h e s t r i p o n i t s t w o e n d s . D i p a p e n c i l 

i n w a t e r a n d c a r e f u l l y r e m o v e i t . T r a n s 

fer a d r o p of w a t e r f r o m t h e e n d of t h e 

p e n c i l t o t h e h o l e , so t h a t a d r o p h a n g s 

in t h e h o l e , f o r m i n g a l ens . 

P l a c e a s m a l l p a n e of w i n d o w g la s s 

o n t h e t o p s of t w o t i n c a n s of t h e s a m e 

SALT CRYSTALS 
MAGNIFIED 

WATER DROP 
BENT TIN STRIP 

WINDOW GLASS PANE 

TIN CAN 

LIGHT REFLECTED FROM MIRROR 
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The first microscopist was 
Antony van Leeuwenhoek, 
a cloth merchant from Hol
land. He is pictured here 
with the microscope of his 
design, (b. 1632,d. 1723) 

size. P l a c e t h e t i n s t r i p c a r e f u l l y o n t h e 

c e n t e r of t h e g lass . B e n e a t h t h e g las s , 

p r o p a flat m i r r o r , s u c h a s is f o u n d in 

l a d y ' s h a n d b a g s , so t h a t l i gh t is re f lec ted 

u p w a r d t h r o u g h t h e g l a s s a n d t h e w a t e r 

l ens . 

B e n e a t h t h e l ens , p l a c e a f ew g r a i n s 

of p e p p e r , sa l t , o r s u g a r , a n d l o o k d o w n 

t h r o u g h t h e l ens . F o c u s t h e l e n s b y 

g e n t l y p r e s s i n g o n t h e s t r i p . H o w m a n y 

t i m e s d o y o u t h i n k t h e w a t e r l e n s m a g 

nified t h e g r a i n s ? 

a l e n s a t o n e e n d . T h e s e w e r e c a l l e d flea 

g l a s se s o r fly g lasses , a n d t h e s e n a m e s 

s h o w p r e t t y we l l w h a t t h e s e m i c r o 

s c o p e s w e r e u s e d fo r . 

What is a 
microscopist? 

Who 
invented 
the microscope? 

W e d o n ' t k n o w j u s t w h o m a d e t h e first 

m i c r o s c o p e . I n t h e 

t h i r t e e n t h c e n t u r y , 

a m o n k n a m e d 

R o g e r B a c o n 

l e a r n e d h o w t o g r i n d g l a s s t o m a k e spec

tac les . A l i t t le w h i l e a f t e r w a r d , g e n t l e 

m e n c a r r i e d a b o u t w i t h t h e m a s m a l l 

m i c r o s c o p e t h a t - c o n s i s t e d of a m e t a l 

t u b e , a b o u t t h e s ize of y o u r t h u m b , w i t h 

A l t h o u g h w e d o n o t k n o w w h o i n v e n t e d 

t h e m i c r o s c o p e , w e d o 

k n o w w h o w a s t h e first 

microscopist. A m i c r o 

s c o p i s t is a p e r s o n w h o u s e s a m i c r o 

s c o p e t o s t u d y s m a l l t h i n g s in a ca r e fu l 

a n d s y s t e m a t i c w a y . If y o u s t u d y t h i n g s 

c a r e f u l l y w i t h y o u r s i m p l e m i c r o s c o p e 

a n d k e e p a r e c o r d of y o u r findings, y o u 

a r e a m i c r o s c o p i s t . T h e first m i c r o s c o 

p i s t w a s A n t o n y v a n L e e u w e n h o e k . 

V a n L e e u w e n h o e k w a s a c l o t h m e r 

c h a n t w h o l ived in D e l f t , H o l l a n d d u r 

i n g m o s t of t h e s e v e n t e e n t h c e n t u r y a n d 

p a r t of t h e e i g h t e e n t h . H e l ived a q u i e t 

life a s a t r a d e s m a n , b u t h e w a s , in h i s 

s p a r e t i m e , o n e of t h e w o r l d ' s g r e a t 

sc ient i f ic d i s c o v e r e r s . 
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LOUSE 

How was diamond 
dust used for 
a microscope? 

GRASS 
SPIKELET 

H e o b t a i n e d d i a m o n d d u s t f r o m t h e 

d i a m o n d c u t t e r s 

o f D e l f t w i t h 

w h i c h h e g r o u n d 

a n e a r l y - s p h e r i 

c a l l ens . H e m o u n t e d t h e l e n s o n a de

v i ce t h a t i n c l u d e d a m e t a l r o d i n t o 

w h i c h a s c r e w - t h r e a d w a s c u t . B y t u r n 

i n g t h e r o d , h e c o u l d m a k e v e r y fine 

f o c u s i n g a d j u s t m e n t s fo r h i s l ens . T h e 

l ens a n d t h e f o c u s i n g d e v i c e w e r e b o t h 

a t t a c h e d t o a m e t a l p l a t e t h a t h a d a 

h o l e in i t , j u s t b e l o w t h e l ens . B y p l a c 

i ng o b j e c t s b e n e a t h t h e h o l e , v a n L e e u 

w e n h o e k c o u l d m a g n i f y t h e m a s m u c h 

a s 3 0 0 t i m e s t h e i r n a t u r a l s ize. 

H e w a s f a s c i n a t e d b y t h e w o r l d of 

t i n y t h i n g s t h a t h i s m i c r o s c o p e o p e n e d 

u p fo r h i m , a n d s p e n t h o u r s e x a m i n i n g 

a l l s o r t s of t h i n g s a r o u n d h i m a n d wr i t 

i n g c a r e f u l r e p o r t s o n w h a t h e s a w . H e 

p u t m a n y of h i s r e p o r t s i n t o l e t t e r s t h a t 

h e s e n t t o t h e R o y a l S o c i e t y of L o n d o n , 

a n a s s o c i a t i o n m a d e u p of sc ien t i s t s . 

T h e sc i en t i s t s m a r v e l e d a t w h a t v a n 

L e e u w e n h o e k w r o t e . T h e y h o n o r e d h i m 

b y m a k i n g t h e i r o w n m i c r o s c o p e s a n d 

i m i t a t i n g h i s o b s e r v a t i o n s . 

H e h i r e d a n i l l u s t r a t o r , c a l l e d a l im

n e r , w h o j o i n e d h i m i n h i s o b s e r v a t i o n s 

a n d t h e n m a d e d r a w i n g s of w h a t t h e y 

b o t h s a w . O n e t i m e v a n L e e u w e n h o e k 

p u t a l o u s e u n d e r h i s m i c r o s c o p e . T h i s 

l i t t le a n i m a l w a s t o o a c t i v e t o o b s e r v e 

wel l , so v a n L e e u w e n h o e k r e m o v e d i t s 

h e a d . H o w e v e r , t h e l o u s e ' s l egs k e p t 

k i c k i n g fo r m o r e t h a n a n h o u r . M e a n 

w h i l e , a s v a n L e e u w e n h o e k w r o t e i n 

h i s n o t e s , " t h e L i m n e r c o u l d n o t a d m i r e 

t h e s igh t e n o u g h , a n d i t t o o k h i m a l o n g 

t i m e t o p u t h i s h a n d t o p a p e r . " 

What objects 
did he study? 

H e s t u d i e d t h e e y e s of a s h r i m p , codf i sh , 

w h a l e , r a b b i t , c o w , 

a n d b e e t l e . H e s t u d i e d 

t h e e g g s of a n t s a n d 

l ice . S e e d s , b l o s s o m s , f ru i t s , a n d o t h e r 

p a r t s of t h e p l a n t ; t h e c i r c u l a t i o n of 

b l o o d i n t h e t a i l of a fish; t h e t a r t a r o n 

t h e t e e t h of a n e i g h t - y e a r - o l d b o y a n d 

t w o l a d i e s ; v i n e g a r ee ls , c r a b s , a n d oys

t e r e g g s — al l t h e s e w e r e a m o n g t h e 

t h i n g s v a n L e e u w e n h o e k p l a c e d be

n e a t h h i s m i c r o s c o p e . 

W h e n h e w a s e ighty-f ive , h e d i scov

e r e d t h a t " s o m e h u n d r e d s of n e r v e s 

e q u a l t h e s ize of a s ing le h a i r of a m a n ' s 

b e a r d ! " A n d w h e n h e w a s p a s t n i n e t y , 

h e w a s s t u d y i n g " t h e w o n d e r f u l pe r fec 

t i o n s a n d f o r m a t i o n s " i n t h e e y e of a fly. 

W i t h h i s s i m p l e m i c r o s c o p e , h i s c a r e 

ful w o r k , a n d h i s e n t h u s i a s m , A n t o n y 

v a n L e e u w e n h o e k o p e n e d u p a w o r l d 

t h a t e v e n t u a l l y l e d t o t h e c o n q u e s t of 

m a n y d i s e a s e s a n d a n u n d e r s t a n d i n g of 

h o w t h e m a n y t h i n g s in t h e w o r l d a r e 

c o n s t r u c t e d . 

T h e C o m p o u n d 

M i c r o s c o p e 

What is a 
compound 
microscope? 

W h e n m o s t p e o p l e h e a r t h e w o r d "mi 

c r o s c o p e , " t h e y u s u a l l y 

t h i n k of t h e k i n d t h a t 

is s e e n in l a b o r a t o r i e s . 

T h i s m i c r o s c o p e , a s 

s e e n f r o m t h e o u t s i d e , h a s a h e a v y m e t a l 

f oo t , a p l a t f o r m o n w h i c h t o p l a c e w h a t 

is b e i n g e x a m i n e d , a n o s e p i e c e t h a t 

p o i n t s a t t h e p l a t f o r m , a n d a l o n g t u b e 

ANTHERS OF FLOWERS 



[ (CONVEX LENS) 
Part of a feather mag
nified (below); how light 
rays pass through a com
pound microscope 
(right); a compound 
microscope (far right) 
with its parts indicated. 

L 
FIRST 
IMAGE 

EYEPIECE 

COARSE ADJUSTMENT 

(CONVEX LENS) C0NDENSER 

SUBSTAGE 

a t t h e t o p of w h i c h t h e m i c r o s c o p i s t 

p l a c e s h i s eye . T h i s k i n d of m i c r o s c o p e 

is c a l l e d a biological microscope, o r a 

laboratory microscope. I t is a l s o a com

pound microscope. 

What are the 
two systems 
of lenses? 

I n a c o m p o u n d m i c r o s c o p e , t h e r e a r e 

m a n y l e n s e s . T h e s e 

l e n s e s a r e g r o u p e d in

t o t w o s y s t e m s . O n e 

s y s t e m d o e s e x a c t l y 

w h a t a s i m p l e m i c r o s c o p e d o e s — i t 

s h o w s a n u p r i g h t i m a g e , j u s t a s t h e e y e 

w o u l d see i t , o n l y l a r g e r . T h e f o c u s of 

th i s set of l e n s e s is a t a p o i n t w h e r e t h e 

NCLINATION 
JOINT 

PILLAR 

s e c o n d s y s t e m c a n g r e a t l y m a g n i f y t h e 

i m a g e a n d l o c a t e i t j u s t a t t h e p l a t f o r m 

of t h e m i c r o s c o p e . 

L e t u s e x a m i n e t h e c o m p o u n d l a b o r a 
t o r y m i c r o s c o p e i n 

W h a t a r e some Q r d e r t Q l e a r n i t § 

. p a r t s . F i r s t , l e t u s 
compound r 

microscope? e x a m i n e t h e p a r t 

t h r o u g h w h i c h l i gh t 

p a s s e s . R i g h t a b o v e t h e p l a t f o r m , w h i c h 

is p r o p e r l y c a l l e d t h e stage, is a n a r r o w 

t u b e t h a t c o n t a i n s l enses . T h i s t u b e is 

c a l l e d t h e objective. T h e m i c r o s c o p e 

m a y h a v e o n l y o n e o b j e c t i v e t h a t fits 

i n t o a w i d e r t u b e , c a l l e d t h e nosepiece. 

H o w e v e r , m o s t l a b o r a t o r y m i c r o s c o p e s 

h a v e t w o o r t h r e e o b j e c t i v e s a t t a c h e d t o 

a r o t a t i n g n o s e p i e c e . W i t h t h i s a r r a n g e 

m e n t , t h e m i c r o s c o p i s t n e e d o n l y t u r n 
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GLOEOCAPSA 

t h e n o s e p i e c e t o t h e r i g h t l o c a t i o n in 

o r d e r t o b r i n g i n t o u s e t h e o b j e c t i v e h e 

w a n t s . 

Y o u m a y w o n d e r w h y a m i c r o s c o p e 

w o u l d h a v e m o r e t h a n o n e ob j ec t i ve . 

E a c h o b j e c t i v e h a s a d i f fe ren t m a g n i f y 

i n g p o w e r . T h e m i c r o s c o p i s t c h o o s e s 

t h e o b j e c t i v e w h i c h m a g n i f i e s t h a t 

a m o u n t w h i c h b e s t e n a b l e s h i m t o ob 

s e r v e w h a t h e is l o o k i n g a t . If y o u l o o k 

c lose ly a t t h e o b j e c t i v e s of a l a b o r a t o r y 

m i c r o s c o p e , y o u wi l l see m a r k e d o n o n e 

lOx , o n t h e s e c o n d 4 3 x , a n d o n t h e t h i r d 

9 7 x . T h e " x " m e a n s " t i m e s " a n d s t a n d s 

fo r j u s t w h a t i t d o e s in m u l t i p l i c a t i o n . 

A n o b j e c t i v e w i t h 4 3 x o n i t m e a n s t h a t 

i t s l e n s e s wi l l m a g n i f y 4 3 t i m e s n a t u r a l 

size. 

How do you 
find out the 
magnifying 
power of a 
microscope? 

A b o v e t h e n o s e p i e c e , is a w i d e tube. I t 

is u s u a l l y e m p t y , b u t 

s o m e t i m e s o n e o r t w o 

s p e c i a l l e n s e s a r e 

w i t h i n t h e t u b e . F i t t i n g 

i n t o t h e u p p e r p a r t of 

it is a n a r r o w e r t u b e 

c a l l e d t h e extension tube. T h i s o n e c o n 

t a i n s l enses . T h e l e n s e s in t h e u p p e r 

p o r t i o n t o g e t h e r m a k e u p t h e eyepiece, 

o r ocular. O n t h e o c u l a r , y o u wi l l see i t s 

m a g n i f y i n g p o w e r m a r k e d . U s u a l l y , t h i s 

i s 5 x o r lOx . If y o u u s e a l O x o c u l a r 

w i t h a 4 3 x o b j e c t i v e , t h e m i c r o s c o p e 

h a s a t o t a l m a g n i f y i n g p o w e r of 10 x 4 3 , 

o r 4 3 0 . I n s h o r t , t o k n o w w h a t t h e 

m a g n i f y i n g p o w e r of a m i c r o s c o p e is, 

y o u m u l t i p l y t h e p o w e r of t h e o c u l a r b y 

t h e p o w e r of t h e o b j e c t i v e . 

What are the 
other parts of 
a compound 
microscope? 

e r n m i c r o s c o p e . 

T h e p a r t s of t h e m i c r o s c o p e y o u h a v e 

j u s t l e a r n e d a r e t h e 

m o s t i m p o r t a n t , b u t 

i t w o u l d b e h a r d t o 

u s e t h e m w i t h o u t t h e 

o t h e r p a r t s of a m o d -

A t t h e b o t t o m of t h e 

m i c r o s c o p e , is a b r o a d , h e a v y m e t a l 

base, s o m e t i m e s c a l l e d t h e foot. T h i s 

b a s e h o l d s t h e w o r k i n g p a r t s of t h e 

m i c r o s c o p e s t e a d y . R i s i n g f r o m t h e 

b a c k of t h e b a s e is t h e pillar. T h i s , t o o , 

h o l d s t h e m i c r o s c o p e s t e a d y , b u t a t t h e 

t o p of t h e p i l l a r is a j o i n t , t h e inclination 

joint, t h a t a l l o w s t h e u p p e r p a r t of t h e 

m i c r o s c o p e t o b e t i l t ed b a c k w a r d a n d 

f o r w a r d . T h e l a r g e c u r v e d p a r t t h a t 

d o e s t h e t i l t i ng is c a l l e d t h e arm. T h e 

u p p e r e n d of t h e a r m h o l d s t h e t u b e , 

w h i l e t h e l o w e r e n d h o l d s t h e stage. 

Affixed t o t h e s t a g e a r e t w o s t r ip s of 

s p r i n g y s tee l . T h e y a r e c a l l e d clips, a n d 

t h e i r t a s k is t o h o l d s p e c i m e n s o n t h e 

s t age , e s p e c i a l l y w h e n t h e s t a g e is t i l t ed . 

O n m o r e e x p e n s i v e m i c r o s c o p e s , t h e 

s t a g e is m a d e in t w o l aye r s . T h e u p p e r 

l a y e r c a n b e m o v e d f o r w a r d o r b a c k 

w a r d , o r t o t h e r i g h t o r left , b y t u r n i n g 

p a i r s of k n o b s . 

W h e r e t h e t u b e m e e t s t h e a r m is a 

v e r y i m p o r t a n t m e c h a n i s m — t h e ad

justment. T h e r e is a coarse adjustment 

a n d a fine adjustment. Y o u r e m e m b e r 

t h e s c r e w - t h r e a d e d r o d t h a t v a n L e e u 

w e n h o e k fitted t o h i s s i m p l e m i c r o s c o p e . 

T h e c o a r s e a n d t h e fine a d j u s t m e n t s 

b o t h c o n s i s t of v e r y a c c u r a t e l y m a 

c h i n e d s c r e w t h r e a d s , b y m e a n s of 
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w h i c h t h e t u b e s a n d o b j e c t i v e s c a n b e 

r a i s ed a n d l o w e r e d , in o r d e r t o f o c u s 

t he m i c r o s c o p e . 

A t t h e v e r y b o t t o m of t h e a r m , a 

mirror is affixed, so t h a t a b e a m of l igh t 

c a n b e s h i n e d u p , t h r o u g h a h o l e in t h e 

s tage , t o t h e b o t t o m of t h e o b j e c t i v e , 

a n d f r o m t h e r e , t h r o u g h t h e t u b e s t o t h e 

eyep iece . B e t w e e n t h e m i r r o r a n d t h e 

s t age , s o m e m i c r o s c o p e s h a v e a t h i r d 

sys tem of l enses t o b e t t e r c o n c e n t r a t e 

t he l igh t f r o m t h e m i r r o r . T h i s s y s t e m 

is c a l l e d a substage condenser. 

S u p p o s e y o u w i s h t o e x a m i n e a h a i r 

f r o m y o u r h e a d . 
How do you use 
a laboratory 
compound 
microscope? 

F i r s t , p l a c e o n t h e 

s t a g e a glass slide, 

w h i c h is a p i e c e of 

c l e a r g l a s s o n e i n c h 

w i d e a n d t h r e e i n c h e s l o n g , a n d a b o u t 

half a s t h i c k as w i n d o w g lass . P u s h t h e 

sl ide u n d e r t h e c l ips , so t h a t i t is h e l d 

firmly. T h e n c u t a o n e - i n c h l e n g t h of 

h a i r a n d p l a c e it o n t h e s l ide r i g h t a b o v e 

the h o l e in t h e s t age . Y o u r b r e a t h m i g h t 

eas i ly b l o w t h e h a i r a w a y , so fix i t i n 

p l ace . T h i s is b e s t d o n e w i t h a m a t e r i a l 

ca l l ed Canada balsam. H o w e v e r , if y o u 

h a v e n o b a l s a m , u s e c l e a r h o u s e h o l d ce

m e n t o r c l e a r fingernail p o l i s h . 

P u t a s m a l l d r o p of b a l s a m o n t o p 

of t h e h a i r . W a i t a f ew m o m e n t s in 

t he h o p e t h a t a n y t i n y b u b b l e s in t h e 

b a l s a m wil l r i se t o t h e s u r f a c e a n d b u r s t . 

D o n ' t w a i t t o o l o n g , fo r C a n a d a b a l s a m 

( a n d h o u s e h o l d c e m e n t a n d fingernail 

p o l i s h ) h a r d e n in a i r . S o g e n t l y p l a c e 

ZYGNEMA 
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o n t h e b a l s a m a v e r y t h i n p i e c e of g lass , 

a b o u t o n e i n c h s q u a r e , c a l l e d a cover 

glass o r cover slip. If y o u see b u b b l e s 

b e n e a t h t h e c o v e r g lass , g e n t l y p r e s s 

d o w n u p o n t h e c o v e r g l a s s w i t h t h e t i p 

of a p a i r of t w e e z e r s o r a t o o t h p i c k . 

T h i s s h o u l d h e l p t o e x p e l t h e b u b b l e s . 

N o w t h e h a i r is p r o p e r l y mounted. 

N e x t , t a k e c a r e of t h e l i gh t i ng . T o 

d o th i s , l o o k a t t h e s t a g e f r o m t h e s ide , 

a n d w i t h t h e c o a r s e a d j u s t m e n t , m o v e 

t h e b o t t o m of t h e o b j e c t i v e t o a p o i n t 

a b o u t o n e - s i x t e e n t h of a n i n c h a b o v e 

t h e c o v e r g lass . If t h e m i c r o s c o p e h a s 

m o r e t h a n o n e o b j e c t i v e , u s e t h e o n e 

w i t h t h e l o w e s t m a g n i f y i n g p o w e r . 

W h e n t h e o b j e c t i v e is p o s i t i o n e d c lose 

t o t h e s l ide , l o o k i n t o t h e e y e p i e c e . W i t h 

o n e h a n d , m o v e t h e m i r r o r a b o u t un t i l 

y o u see a b r i g h t , evenly- l i t c i r c l e of 

l igh t , n o t g l a r i n g , n o t d i m . N o w y o u 

a r e r e a d y t o focus . 

Preparing a slide for the 
microscope properly will 
make viewing easier. 
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W h e n f o c u s i n g , y o u m u s t always k e e p 

i n m i n d t h i s r u l e : 
How do you Ar , , 

, ( . , Never focus down

ward. Always focus up

ward. If y o u f o c u s d o w n w a r d , y o u wil l 

sure ly , s o o n e r o r l a t e r , p u s h t h e f r o n t 

of t h e o b j e c t i v e t h r o u g h t h e s l ide . T h i s 

will n o t o n l y b r e a k t h e s l ide , a n d p e r 

h a p s r u i n a v a l u a b l e s p e c i m e n , b u t i t 

m a y a l so b r e a k t h e f r o n t l e n s of t h e 

ob j ec t i ve . M i n d f u l of th i s , t u r n s low

ly t h e c o a r s e a d j u s t m e n t t o w a r d y o u r 

self, so t h a t t h e t u b e r i ses f r o m t h e s l ide . 

W h e n t h e h a i r c o m e s c l e a r l y i n t o v i e w , 

c h a n g e f r o m t h e c o a r s e a d j u s t m e n t t o 

t h e fine o n e . A l t h o u g h y o u m u s t t u r n 

t he c o a r s e a d j u s t m e n t o n l y in o n e d i r ec 

t i on w h e n f o c u s i n g , y o u m a y t u r n t h e 

fine a d j u s t m e n t in e i t h e r d i r e c t i o n , as 

long as you do not turn it more than 

half a turn. T h u s , w i t h t h e fine a d j u s t 

m e n t , y o u c a n b r i n g t h e h a i r i n t o c l e a r 

focus . Y o u wi l l p r o b a b l y find t h a t y o u 

h a v e t o a d j u s t t h e m i r r o r a g a i n . 

A f t e r y o u h a v e s t u d i e d t h e h a i r f o r a 

wh i l e , y o u m a y w a n t t o m a g n i f y i t m o r e . 

If t h e m i c r o s c o p e h a s o n l y o n e n o s e 

p iece , r a i s e t h e o b j e c t i v e f a r a b o v e t h e 

sl ide, u n s c r e w t h e o b j e c t i v e t o t a k e i t 

o u t of t h e n o s e p i e c e , a n d t h e n p u t an 

o t h e r , h i g h e r - p o w e r , o b j e c t i v e i n t o t h e 

n o s e p i e c e . T h e n f o c u s in t h e s a m e w a y 

as y o u d i d w h e n u s i n g t h e l o w - p o w e r 

ob jec t ive . 

Illustrated on the left are other specimens which may 
be viewed under the microscope. Mites belong to a 
family of tiny animals related to spiders and scor
pions. They often infest other animals, including hu
mans, plants, and foods. Protozoa, along with other 
tiny animals, as well as plants, make up the plankton, 
which floats on the surface of oceans and lakes. 
Plankton serves as the food for many forms of sea life. 

If t h e m i c r o s c o p e h a s a n o s e p i e c e 

w i t h t w o o b j e c t i v e s , s i m p l y t u r n t h e 

l o w e r p a r t of t h e n o s e p i e c e a r o u n d so 

t h a t t h e o t h e r o b j e c t i v e is in l i ne w i t h 

t h e t u b e . If t h e m i c r o s c o p e is w e l l 

m a d e , c h a n g i n g t h e o b j e c t i v e s h o u l d n o t 

c h a n g e t h e f o c u s v e r y m u c h . H o w e v e r , 

s o m e f o c u s i n g w i t h t h e fine a d j u s t m e n t 

wi l l p r o b a b l y b e n e c e s s a r y . A l s o , y o u 

wil l h a v e t o a d j u s t t h e l i g h t i n g a g a i n . 

If t h e m i c r o s c o p e h a s a t h i r d ob jec 

t ive , m o v e i t i n t o p l a c e j u s t a s y o u d i d 

t h e s e c o n d o n e . H o w e v e r , y o u c a n n o t 

u s e t h i s o b j e c t i v e s i m p l y b y f o c u s i n g . 

T h i s o b j e c t i v e , u s u a l l y t h e o n e m a r k e d 

9 7 x , i s a n oil immersion lens. I t h a s t h i s 

n a m e b e c a u s e t o u s e it , y o u u s u a l l y 

p u t t h e f o r e m o s t l e n s of t h e o b j e c 

t ive i n t o a d r o p of oi l p l a c e d u p o n t h e 

c o v e r g lass . A g a i n y o u wi l l h a v e t o 

f o c u s , a n d t h i s t i m e b e v e r y c a r e f u l , 

b e c a u s e t h e f r o n t of t h e o b j e c t i v e is 

n e a r l y t o u c h i n g t h e c o v e r g lass . T h e oi l 

y o u u s e m u s t b e cedarwood oil. T h i s 

oi l c a n b e o b t a i n e d f r o m m i c r o s c o p e 

d e a l e r s . 

A f t e r e x a m i n i n g t h e h a i r , y o u wil l h a v e 

t o c l e a n t h e e q u i p m e n t . 
How d o you T u m t h e c o a r s e a d j u s t . 

' x 0 m e n t k n o b t o r a i s e t h e 
e q u i p m e n t ? 

o i l i m m e r s i o n l e n s 

f r o m t h e s l ide . T h e n w e t a s p e c i a l k i n d 

of t i s sue , c a l l e d lens tissue, i n a l i q u i d 

c a l l e d xylol. W i t h t h e w e t t e d t i s sue , 

w i p e a l l t h e o i l off t h e o i l i m m e r s i o n 

l ens . I t is w e l l t o u s e t w o s e p a r a t e 

p i e c e s of t i s s u e fo r t w o w i p i n g s . T h e 

xy lo l e v a p o r a t e s q u i c k l y , b u t m a y l e a v e 

a f o g g y d e p o s i t o n t h e l ens , so w i p e 

t h e l e n s w i t h a d r y p i e c e of l e n s t i s sue . 
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If y o u w i s h t o k e e p t h e s l ide w i t h t h e 

m o u n t e d h a i r , w i p e off w i t h xy lo l a n y 

e x c e s s b a l s a m t h a t h a s o o z e d o u t f r o m 

u n d e r t h e c o v e r g las s , l a b e l t h e s l ide , 

a n d s t o r e i t . I f , o n t h e o t h e r h a n d , y o u 

d o n o t w i s h t o k e e p t h e s l ide m o u n t , 

p l a c e a d r o p o r t w o of xy lo l a r o u n d 

t h e e d g e s of t h e c o v e r g lass . T h i s wi l l 

w o r k i t s w a y u n d e r t h e g l a s s a n d dis

so lve t h e b a l s a m so t h a t y o u c a n r e m o v e 

t h e c o v e r g lass . N o w al l y o u h a v e t o d o 

is w i p e t h e c o v e r g l a s s a n d t h e s l ide 

w i t h s o m e x y l o l o r l e n s t i s sue . 

If y o u w a n t t o m a k e m i c r o s c o p y y o u r 

h o b b y , y o u w i l l 
What equipment 
will you need 
to become a 
microscopist? 

h a v e t o s t a r t w i t h 

c e r t a i n b a s i c 

e q u i p m e n t : a mi 

c r o s c o p e ; g l a s s 

s l ides ( a t l e a s t a d o z e n t o b e g i n w i t h ) ; 

c o v e r g l a s se s ( a b o u t t w o d o z e n , s i n c e 

t h e s e b r e a k v e r y e a s i l y ) ; t w e e z e r s ( o r 

f o r c e p s ) ; a m e d i c i n e d r o p p e r ; a p r o b e 

( m a d e b y s t i c k i n g t h e e y e - e n d of a 

n e e d l e i n t o a n e r a s e r r e m o v e d f r o m a 

p e n c i l ) ; a s h a r p k n i f e , o r s i ng l e - edge 

r a z o r b l a d e ; s h a r p - p o i n t e d sc i s so r s ; 

C a n a d a b a l s a m ( o r fingernail p o l i s h ) ; 

a n d x y l o l ( o r a c e t o n e ) . W h i l e a s i m p l e 

m i c r o s c o p e wi l l r e v e a l m a n y w o n d e r s 

of t h e w o r l d a r o u n d y o u , t h i s i n s t r u 

m e n t h a s i t s l imi t s . Y o u c a n n o t b u y o n e 

t h a t wi l l g ive t h e 3 0 0 x p o w e r of v a n 

L e e u w e n h o e k ' s . E v e n a g o o d s i m p l e 

m i c r o s c o p e wi l l n o t m a g n i f y m o r e t h a n 

1 Ox, a n d t h e v e r y b e s t wi l l m a g n i f y o n l y 

2 0 x . I n o r d e r t o r e a l l y d o i n t e r e s t i n g 

w o r k in m i c r o s c o p y , y o u n e e d a c o m 

p o u n d m i c r o s c o p e . 

What kind of 
microscope 
should you get? 

A l a b o r a t o r y , o r b i o l o g i c a l , c o m p o u n d 

m i c r o s c o p e i s a 

v e r y e x p e n s i v e in

s t r u m e n t t h a t c o s t s 

s e v e r a l h u n d r e d 

d o l l a r s . H o w e v e r , i t is p o s s i b l e t o p u r 

c h a s e a s o - c a l l e d amateur microscope 

w h i c h is m u c h less e x p e n s i v e . T h i s is a 

s m a l l e r m o d e l of t h e l a b o r a t o r y m i c r o 

s c o p e . I t l a c k s s o m e r e f i n e m e n t s t h a t 

o n l y a h i g h l y - t r a i n e d sc i en t i s t w o u l d 

n e e d fo r h i s w o r k , b u t in y o u r m i c r o s 

c o p y , y o u wi l l n o t m i s s t h e m a t a l l . 

T h e s e a m a t e u r m i c r o s c o p e s a r e n o t t o y s 

— t h e y a r e r e a l c o m p o u n d m i c r o s c o p e s 

t h a t wi l l p r o d u c e a c l e a r i m a g e m a g n i 

fied 3 0 0 t o 5 0 0 t i m e s . Y o u c a n b u y s u c h 

a m i c r o s c o p e fo r $ 1 1 t o $ 2 0 . T h i s m a y 

s e e m l ike q u i t e a l o t of m o n e y , b u t if 

y o u b e g i n i m m e d i a t e l y t o p u t a w a y 

n i c k e l s a n d d i m e s t h a t y o u find y o u 

r e a l l y d o n o t h a v e t o s p e n d , y o u wil l 

h a v e s a v e d u p t h e n e e d e d m o n e y s o o n e r 

t h a n n o w s e e m s l ike ly . W h e n y o u a r e 

r e a d y t o b u y y o u r m i c r o s c o p e , y o u wil l 

b e w i se t o c o n s u l t a s c i e n c e t e a c h e r in 

y o u r s c h o o l . H e c a n g ive y o u a d v i c e o n 

h o w t o g o a b o u t b u y i n g t h e m i c r o s c o p e . 

O n e g o o d p l a c e t o b u y a n a m a t e u r mi-
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SNOW CRYSTALS MAGNIFIED 

EEZERS 

PROBING NEEDLE 

c r o s c o p e is f r o m a m a i l - o r d e r h o u s e . 

C o n s u l t i t s c a t a l o g c a r e f u l l y b e f o r e 

y o u o r d e r . M a k e s u r e t h e r e is a g u a r a n 

tee t h a t t h e m i c r o s c o p e wil l b e r e p l a c e d 

if it is de f ec t i ve w h e n y o u g e t i t . 

i t 

T h e W o r l d o f I n v i s i b l e L i f e — 

B a c t e r i a a n d P r o t o z o a 

A l l a r o u n d u s a r e b i l l i o n s of t i n y l iv ing 

t h i n g s t h a t a r e t o o 
What are the s m a U t Q b e § e e n w i t h 

smallest plants , . , , 
• .L 1-10 t h e u n a i d e d e y e s . 
in the world? J 

A m o n g t h e s m a l l e s t 

of t h e s e l iv ing t h i n g s a r e p l a n t s c a l l e d 

bacteria. A s ing le o n e of t h e s e p l a n t s is 

a bacterium. S o m e b a c t e r i a a r e so s m a l l 

t h a t 1 0 , 0 0 0 of t h e m c o u l d b e p l a c e d o n 

t h e p e r i o d a t t h e e n d of t h i s s e n t e n c e . 

E a c h b a c t e r i u m is a s ing le l iv ing cel l . 

T h i s m e a n s t h a t i t is a s e p a r a t e b i t of 

l iv ing m a t t e r t h a t c a n l ive a n d g r o w b y 

itself. I t c a n t a k e i n t o i tself f o o d a n d 

o x y g e n . I t u s e s t h e f o o d fo r n o u r i s h 

m e n t , a n d t h e o x y g e n t o h e l p i t n o u r i s h 

i tself , g r o w a n d m o v e . 

Where are 
bacteria 
found? 

B a c t e r i a m a y b e f o u n d al l a r o u n d u s — 

in t h e e a r t h , in w a t e r a n d 

in t h e a i r . T h e r e a r e mi l 

l i o n s of b a c t e r i a o n y o u r 

sk in , in y o u r m o u t h , y o u r 

n a s a l p a s s a g e s , a n d e l s e w h e r e i n s i d e 

y o u r b o d y . T h e r e a r e t h o u s a n d s of dif

f e r e n t k i n d s of b a c t e r i a . T h e y a r e m a n ' s 

i nv i s i b l e f r i e n d s a n d foes . T h e y a r e b o t h 

u se fu l a n d h a r m f u l t o m a n . 

A m o n g t h e use fu l b a c t e r i a a r e t h o s e 

t h a t p r o d u c e b u t t e r m i l k 

a n d v i n e g a r , a g e c h e e s e , 

a n d h e l p in t h e c u r i n g of 

l e a t h e r . P r o b a b l y t h e m o s t 

v a l u a b l e s e rv i ce t h a t b a c t e r i a g ive t o 

How are 
bacteria 
useful? 

19 
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Bacilli are rod-shaped bacteria which need oxygen. 

m a n is t o c a u s e d e c a y . If d e c a y b a c t e r i a 

w e r e n o t c o n s t a n t l y a t w o r k , t h e e a r t h 

w o u l d b e c o m e l i t t e r e d w i t h t h e d e a d 

b o d i e s of a n i m a l s a n d p l a n t s . 

H a r m f u l b a c t e r i a a r e t h o s e t h a t c a u s e 

d i s e a s e i n a n i m a l s a n d p l a n t s . A m o n g 

t h e d i s e a s e s c a u s e d i n m a n b y b a c t e r i a 

a r e p n e u m o n i a , t y p h o i d f e v e r a n d t u b e r 

cu los i s . F o r t u n a t e l y , t h e r e a r e m o r e 

h a r m l e s s b a c t e r i a t h a n h a r m f u l o n e s . 

What do 
bacteria 
look like? 

B a c t e r i a m a y h a v e a n y o n e of t h r e e 

s h a p e s . S o m e a r e r o u n d 

l i ke a b a l l . A b a c t e r i u m 

of t h i s s h a p e is c a l l e d a 

coccus. A n o t h e r k i n d of 

b a c t e r i u m is s h a p e d l i ke a r o d , a n d is 

c a l l e d a bacillus. T h e t h i r d k i n d of b a c 

t e r i u m h a s a s p i r a l s h a p e , a n d is c a l l e d 

a spirillum. 

S o m e b a c t e r i a c a n m o v e w h e n t h e y 

a r e i n a l i q u i d . A b a c t e r i u m of t h i s k i n d 

h a s e x t r e m e l y t h i n t h r e a d s of l i v ing 

m a t t e r g r o w i n g o u t f r o m i t s cel l w a l l . 

T h e s e t h r e a d s , c a l l e d cilia, l a s h b a c k 

a n d f o r t h r a p i d l y a n d p u s h t h e b a c t e 

r i u m t h r o u g h t h e l i q u i d . S o m e b a c t e r i a 

h a v e c i l ia g r o w i n g o u t f r o m al l p a r t s of 

t h e ce l l w a l l . O t h e r s h a v e j u s t a s i ng l e 

t h r e a d a t o n e o r b o t h e n d s . Sti l l o t h e r s 

h a v e a t u f t of c i l ia a t o n e e n d . 

S i n c e b a c t e r i a a r e so i m p o r t a n t t o m a n , 

i t i s u se fu l t o k n o w i n 
W h e n d o they w h a t c o n d i t i o n s b a c . 
thrive best? ,. , 

t e n a l ive a n d g r o w . 

M o s t b a c t e r i a t h r i v e b e s t a t t h e t e m 

p e r a t u r e of t h e h u m a n b o d y — a l i t t le 

Spirilla are threadlike and spiral-shaped bacteria. 

less t h a n 9 9 d e g r e e s F a h r e n h e i t . B o t h 

l o w e r a n d h i g h e r t e m p e r a t u r e s s l o w t h e 

g r o w t h of b a c t e r i a . F r e e z i n g a n d boi l 

i n g wi l l k i l l m o s t b a c t e r i a . Y o u c a n n o w 

see t h a t p u t t i n g f o o d i n t h e r e f r i g e r a t o r 

s l o w s t h e g r o w t h of b a c t e r i a t h a t m a y 

b e o n t h e f o o d , a n d t h e r e b y p r e v e n t s 

t h e f o o d f r o m b e c o m i n g s p o i l e d . A l s o , 
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Cocci are ball-like, or spherically-shaped, bacteria. 

c o o k i n g f o o d n o t o n l y m a k e s i t e a s i e r 

a n d t a s t i e r t o e a t , b u t a l s o k i l l s h a r m f u l 

b a c t e r i a t h a t m a y b e o n i t . 

B a c t e r i a n e e d m u c h m o i s t u r e in o r d e r 

t o t h r i v e . T h u s , if w e k e e p f o o d d r y , 

w e k e e p it f r o m s p o i l i n g b y t h e g r o w t h 

of b a c t e r i a u p o n i t . D a r k n e s s is a n o t h e r 

c o n d i t i o n i n w h i c h b a c t e r i a t h r i v e . A 

s t r o n g l i g h t wi l l s l o w t h e g r o w t h of b a c 

t e r i a o r k i l l t h e m . N o w y o u c a n see 

w h y a s u n n y r o o m is a h e a l t h y r o o m . 

What is the 
process of 
pasteurization? 

I n m o s t c iv i l i zed c o u n t r i e s , t h e l a w re

q u i r e s t h a t b a c t e r i a 

in m i l k b e k i l l e d b y 

r a i s i n g t h e t e m p e r a 

t u r e of t h e m i l k t o 

145 d e g r e e s F a h r e n h e i t a n d k e e p i n g it 

a t t h i s t e m p e r a t u r e fo r t h i r t y m i n u t e s . 

T h i s p r o c e s s fo r k i l l i n g b a c t e r i a is c a l l e d 

pasteurization a n d w a s d i s c o v e r e d b y 

t h e g r e a t F r e n c h b a c t e r i o l o g i s t L o u i s 

P a s t e u r . A b a c t e r i o l o g i s t is a s c i en t i s t 

w h o s t u d i e s a n d w o r k s w i t h b a c t e r i a — 

o r t h e s c i e n c e of b a c t e r i o l o g y . 

B a c t e r i a r e p r o d u c e t h e m s e l v e s v e r y r a p 
id ly . I t t a k e s o n l y a b o u t 

How fast do t h i r t y m m u t e s f o r o n e 

bacteria , , 
_ b a c t e r i u m t o b e c o m e 

reproduce? . 

t w o . If a l l t h e o f f sp r ing 

of o n e b a c t e r i u m c o u l d g o o n r e p r o d u c 

i n g fo r t w e l v e h o u r s , t h e r e w o u l d b e 

s e v e n t e e n m i l l i o n of t h e m . If t h i s p r o c 

ess c o n t i n u e d fo r five d a y s , b a c t e r i a 

w o u l d fill a l l t h e o c e a n s t o a d e p t h of 

o n e m i l e . O f c o u r s e , n o t h i n g l ike t h i s 

c a n t a k e p l a c e , b e c a u s e m o s t b a c t e r i a 

d o n o t find t h e n o u r i s h m e n t o r f avo r -

Cocci may also grow in pairs, clusters or in chains. 

a b l e c o n d i t i o n s in w h i c h t o g r o w a n d 

r e p r o d u c e . 

O n e of t h e b e s t w a y s t o g e t h a r m l e s s 

b a c t e r i a is t o m a k e a hay 

How can infus[orii p j H a t w o - q u a r t 

. . , g l a s s j a r a l m o s t full of w a -
bacteria? 

t e r . If y o u c a n g e t w a t e r 
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9:00 A.M. 9:20 A.M. 9:40 A.M. 

GfiXfe 
1 

2 

f r o m a s t r e a m o r l a k e , y o u c a n p r o c e e d 

i m m e d i a t e l y w i t h t h e r e s t of t h e expe r i 

m e n t . If y o u t a k e w a t e r f r o m a t a p , 

a l l o w t h e j a r t o s t a n d u n c o v e r e d fo r 

t h r e e d a y s , so t h a t e x c e s s o x y g e n t h a t is 

p r o b a b l y d i s s o l v e d i n t h e w a t e r m a y 

e s c a p e . P a s t e a l a b e l o n t h e o u t s i d e of 

t h e j a r a t t h e l eve l of t h e s u r f a c e of t h e 

w a t e r , so t h a t y o u m a y a d d m o r e w a t e r 

t o t h e j a r , if n e e d e d . A d d o n l y w a t e r 

t h a t y o u h a v e a l l o w e d t o s t a n d fo r a 

w h i l e , l i ke t h e o r i g i n a l j a r . 

C u t a h a n d f u l of h a y o r d r y g r a s s 

i n t o s h o r t l e n g t h s a n d p u t i t i n t o t h e 

w a t e r in t h e j a r . C o v e r t h e j a r a n d p l a c e 

i t w h e r e d a y l i g h t , b u t n o t d i r e c t sun 

l igh t , wi l l r e a c h i t . I n a b o u t t h r e e o r 

f o u r d a y s , y o u wi l l n o t i c e a s c u m o n 

t h e s u r f a c e of t h e w a t e r a n d a n a c c o m 

p a n y i n g u n p l e a s a n t o d o r . T h e s c u m is 

f o r m e d b y b i l l i ons of b a c t e r i a . 

| i \ V 

k 

P l u n g e t h e t i p of y o u r m e d i c i n e d r o p p e r 

b e n e a t h t h e s c u m , a n d 

d r a w u p s o m e c l e a r w a 

t e r . P l a c e a d r o p of t h i s 

w a t e r o n a g l a s s s l ide . 

U s i n g y o u r p r o b e , p i c k 

u p a v e r y s m a l l a m o u n t 

of s c u m — j u s t e n o u g h t o c o v e r t h e 

p o i n t of t h e n e e d l e — a n d d i p t h e n e e d l e 

i n t o t h e d r o p of w a t e r o n t h e s l ide . 

P l a c e a c o v e r g l a s s o v e r t h e d r o p . F o c u s 

How do you 
prepare 
bacteria 
for the 
microscope? 

10:00 A.M. 

Many bacteria repro
duce by splitting in two 
— a half hour process. 
Some split in 20 min. 

c a r e f u l l y a n d a d j u s t t h e m i r r o r in sev

e r a l d i f fe ren t p o s i t i o n s a s y o u s eek fo r 

b a c t e r i a in t h e field of y o u r m i c r o s c o p e . 

If y o u see n o t h i n g b u t a b l u r r y b l o b 

of m a t e r i a l , i t m e a n s t h a t y o u h a v e 

p l a c e d t o o l a r g e a n a m o u n t of s c u m o n 

t h e s l ide . M a k e a n e w s l ide , u s i n g o n l y 

o n e - t e n t h a s m u c h s c u m . I n t r y i n g t o 

find b a c t e r i a , t h e l i g h t i n g is v e r y i m p o r 

t a n t . S p e n d c o n s i d e r a b l e t i m e in m a n i p 

u l a t i n g t h e m i r r o r . I n y o u r r e p o r t , de

s c r i b e t h e s h a p e s of t h e b a c t e r i a y o u 

see . 

T h e r e a r e m a n y o t h e r s o u r c e s of b a c 

t e r i a a m o n g e v e r y d a y t h i n g s . I m i t a t e 

L e e u w e n h o e k b y s c r a p i n g w i t h a t o o t h -

An organism continues to reproduce in a new culture. 

REMOVE DROPLETS 
FROM HAY INFUSION 
AND PLACE ON SLIDE 

\ h 

t 

PICK UP ORGANISM 
WITH DROPPER AND 
PLACE IN NEW 
CULTURE MEDIUM 

I 

(1) Streptococci. (2) Sfaphy/occi. (3) Tetanus bacilli. 
(4) Typhoid bacilli. (5) Tuberculosis bacilli. (6) Chol
era vibrio. All are disease-causing bacteria in man. 
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p i c k a t i n y b i t of t h e w h i t e m a t e r i a l 

f rom y o u r t e e t h , j u s t a t t h e g u m - l i n e . 

P l a c e t h i s w h i t e m a t e r i a l in a d r o p of 

w a t e r , o n a s l ide . M a k e a f ew c u t s in a 

p e a c h o r a n a p p l e , a n d le t t h e f ru i t s t a n d 

in a w a r m , d a m p p l a c e fo r a f e w d a y s . 

P l a c e a b i t of t h e m a t e r i a l f r o m t h e c u t 

in a d r o p of w a t e r o n a s l ide , a n d e x a m 

ine i t fo r b a c t e r i a . M i x a p i n c h of soil 

in a l i t t le w a t e r . P l a c e a d r o p of t h i s 

m i x t u r e o n a s l ide a n d e x a m i n e i t fo r 

b a c t e r i a . 

P l a c i n g b a c t e r i a in a d r o p of w a t e r 

o n a s l ide m a k e s a p r e p a r a t i o n t h a t re

q u i r e s m u c h m a n i p u l a t i o n of t h e m i r r o r 

in o r d e r t o b e a b l e t o see t h e b a c t e r i a 

a t a l l . T h i s m e t h o d h a s t h e a d v a n t a g e 

o f . p r e s e n t i n g fo r e x a m i n a t i o n l ive b a c 

t e r i a , s o m e of w h i c h m a y b e m o v i n g . 

T h e r e is, h o w e v e r , a n o t h e r m e t h o d of 

p r e p a r i n g b a c t e r i a t h a t m a k e s t h e m 

m u c h e a s i e r t o see. 

Y o u c a n p r e p a r e a s l ide of b a c t e r i a so 

t h a t t h e y wi l l b e eas i ly 
How can § e e n ^ •£ y Q U sfa^n ^ ^ac_ 

you s a m ^ ^ Q\faeT r e c j o r b l u e . 
bacteria? 

F i r s t , of c o u r s e , y o u wi l l 

n e e d t h e s t a i n . T h e b l u e s t a i n is c a l l e d 

methylene blue, a n d t h e r e d s t a i n is 

eosin. Y o u c a n b u y b o t h of t h e m f r o m 

a p h a r m a c i s t . T h e y a r e c h e a p , a n d y o u 

n e e d v e r y l i t t l e of e a c h . If y o u b u y t h e 

s t a i n s in d r y f o r m , d i s so lve in ha l f a 

t u m b l e r f u l of w a t e r j u s t a s m u c h of 

e i t h e r a s y o u c a n p i c k u p o n t h e e n d of 

a k n i f e b l a d e . T h i s wi l l g ive y o u e n o u g h 

t o l a s t f o r m o n t h s . I t is w i se t o k e e p 

t h e s t a i n s in s t o p p e r e d b o t t l e s , so t h a t 

t h e w a t e r d o e s n o t e v a p o r a t e . 

Many microorganisms flourish in a hay infusion. Shown are the co/poda, hay bacillus, and vo/vox, all magnified. 



If y o u c a n n o t b u y t h e s e t w o s t a in s , 

y o u c a n u s e i n k . F o r t h e b l u e s t a i n u s e 

t h e " p e r m a n e n t " k i n d of b l u e f o u n t a i n 

p e n i n k , w h i c h c o n t a i n s m e t h y l e n e b l u e . 

F o r r e d s t a i n u s e a n y k i n d of r e d i n k . 

P r e p a r e t h e s t a i n e d s l ide in t h i s m a n n e r : 

P l a c e a d r o p of w a t e r 
How can you Q n & d e a n s H d e U g _ 
prepare a , , , 
s ta ined sl ide? m ^ y o u r P r o b e ' a d d a 

s m a l l a m o u n t of t h e 

b a c t e r i a - c o n t a i n i n g m a t e r i a l t o t h e w a -

Picture-instructions for preparing a stained slide: 

i > 

1. PLACE MATERIAL ON 
SMEAR OF WATER 

2. HOLD HIGH ABOVE FLAME 
TO EVAPORATE WATER 

^ \ 
C M ) 

PASS SLIDE THROUGH FLAME 
THREE TIMES TO "FIX" SMEAR 

4. ADD STAIN 
TO SMEAR 

\ 

5. WASH OFF EXCESS 
STAIN 

fi 

6. BLOT DRY 

1 

t e r , a n d s p r e a d t h e m i x t u r e i n t o a b r o a d 

s m e a r . G r a s p t h e s l ide b y t h e e d g e s n e a r 

o n e e n d , a n d h o l d i t s e v e r a l i n c h e s 

a b o v e a c a n d l e flame u n t i l t h e w a t e r 

e v a p o r a t e s . H o l d t h e s l ide suff iciently 

h i g h a b o v e t h e flame so t h a t t h e w a t e r 

d o e s n o t bo i l . Y o u d o n o t w a n t t o c o o k 

t h e b a c t e r i a . 

W h e n a l l of t h e w a t e r h a s e v a p o r a t e d 

a n d t h e s l ide is t h o r o u g h l y d r y , p a s s t h e 

s l ide t h r o u g h t h e c a n d l e flame r a p i d l y 

t h r e e o r f o u r t i m e s . T h i s a c t i o n is c a l l e d 

fixing t h e s m e a r . 

W h e n t h e s l ide h a s c o o l e d t h o r 

o u g h l y , d r o p a s t a i n f r o m y o u r m e d i c i n e 

d r o p p e r o n t h e fixed s m e a r . S o m e b a c 

t e r i a s t a i n b e t t e r w i t h b l u e d y e a n d 

o t h e r s s t a i n b e t t e r w i t h r e d d y e . Y o u 

wi l l h a v e t o e x p e r i m e n t w i t h b o t h c o l o r s 

t o see w h i c h o n e b e s t s t a i n s t h e k i n d of 

b a c t e r i a y o u a r e w o r k i n g w i t h . 

L e a v e t h e s t a i n o n t h e s m e a r fo r 

a b o u t a m i n u t e . S o m e b a c t e r i a wi l l n e e d 

m o r e t h a n a m i n u t e t o s t a i n t h o r o u g h l y . 

A g a i n , y o u wi l l h a v e t o l e a r n t h i s b y 

e x p e r i e n c e . A f t e r t h e s t a i n h a s b e e n o n 

t h e s m e a r fo r t h e p r o p e r l e n g t h of t i m e , 

w a s h i t off w i t h r u n n i n g t a p w a t e r . 

T h e n , p l a c e t h e s l ide , s m e a r - s i d e u p , o n 

a p a p e r t o w e l . F o l d t h e t o w e l o v e r a n d 

b l o t t h e s l ide ca r e fu l l y . D o n o t r u b t h e 

t o w e l o n t h e s m e a r . T h i s wi l l d e s t r o y 

t h e s m e a r . N o w , e x a m i n e t h e s l ide u n 

d e r t h e m i c r o s c o p e . 

T h e r e is a n o t h e r w a y t o p r e p a r e a s l ide 

of b a c t e r i a , so t h a t 
a t is a y O U c a n 0 b s e r v e t h e r n 

d e m o u n t ? a l ive . T h i s is c a l l e d t h e 

hanging drop m e t h o d . 

T h e r e is a k i n d of t h i c k g l a s s s l ide t h a t 



h a s a l i t t l e we l l g r o u n d i n t o i t s c e n t e r . 

T h i s s l ide is u s e d t o s e t u p a h a n g i n g 

d r o p m o u n t . S u c h s l ides a r e e x p e n 

sive, so y o u w o u l d p r o b a b l y d o b e s t 

if y o u m a k e y o u r o w n h a n g i n g d r o p 

a p p a r a t u s . 

How can you 
make your 
own hanging 
drop mount? 

C u t a p i e c e of c a r d b o a r d e x a c t l y t h e 

s ize of a g l a s s s l ide . 

Y o u c a n d o t h i s b e s t 

b y t r a c i n g t h e o u t l i n e 

o f t h e s l i d e o n t h e 

c a r d b o a r d . N o w , c u t 

t h e c a r d b o a r d i n t o t h r e e e q u a l l e n g t h s . 

W i t h y o u r p o i n t e d sc i s sors , c u t a h o l e , 

n o b i g g e r t h a n ha l f a n i n c h , i n t h e c e n 

t e r of e a c h of t h e t h r e e p i e c e s of c a r d 

b o a r d . G l u e t h e t h r e e p i e c e s t o g e t h e r , 

o n e o n t o p of t h e o t h e r , so t h a t t h e r e i s 

a s ing le h o l e t h r o u g h a l l t h r e e . C e m e n t 

t h i s c a r d b o a r d " w a s h e r " t o t h e c e n t e r 

of a g l a s s s l ide . C o v e r o n e of y o u r fin

g e r s l i gh t l y w i t h p e t r o l e u m je l ly — l i k e 

V a s e l i n e . H o l d i n g a c o v e r g l a s s in y o u r 

h a n d , s c r a p e t h e je l ly off y o u r finger, 

u s i n g a l l t h e e d g e s of t h e c o v e r g las s , 

u n t i l t h e r e is a r i m of je l ly a l l a r o u n d 

t h e e d g e s of t h e c o v e r g l a s s . P l a c e t h e 

g lass o n t h e t a b l e , j e l ly -s ide u p . U s i n g 

y o u r p r o b e , p l a c e a m i x t u r e of w a t e r 

a n d a d r o p of t h e b a c t e r i a - c o n t a i n i n g 

m a t e r i a l y o u w a n t t o e x a m i n e o n t h e 

c e n t e r of t h e c o v e r g lass . 

H o l d t h e g l a s s s l ide so t h a t t h e c a r d 

b o a r d w a s h e r is u n d e r n e a t h a n d t h e 

h o l e i n t h e w a s h e r i s r i g h t o v e r t h e cen 

t e r of t h e c o v e r g l a s s . L o w e r t h e s l ide , 

a n d p r e s s t h e w a s h e r firmly o n t h e je l ly 

r i m of t h e c o v e r g lass . T h e n , w i t h a 

q u i c k m o t i o n , t u r n t h e s l ide o v e r . A 

d r o p of t h e m i x t u r e y o u a r e t o e x a m i n e 

^ W , 

1. LINE RIM OF COVER 
SLIP WITH VASELINE 

2. ADD DROP OF CULTURE 
TO CENTER 

BUILD A WELL OUT OF 
THREE CARDBOARD WASHERS 

4. TURN UPSIDE DOWN AND 
PLACE AGAINST COVER SLIP 

5. TURN RIGHT SIDE UP QUICKLY 

U = i ^ t = j 

SIDE VIEW OF SLIDE, WELL, HANGING DROP 

Picture-directions for preparing hanging drop mount. 

wil l b e h a n g i n g d o w n f r o m t h e c o v e r 

g lass . E x a m i n e t h e d r o p u n d e r t h e mi

c r o s c o p e , f o c u s i n g it c a r e fu l l y . 

P e r h a p s , w h e n y o u w e r e l o o k i n g a t b a c -

t e r i a f r o m y o u r 

h a y i n f u s i o n , y o u 

s a w a l a r g e o b j e c t 

s w i m a c r o s s y o u r 

field of v i e w . T h i s l a r g e o b j e c t w a s a 

o n e - c e l l e d a n i m a l of t h e k i n d c a l l e d 

protozoa. T h i s n a m e m e a n s " e a r l i e s t 

What are the 
smallest animals 
in the world? 
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e a s i e r t o find p r o t o z o a a n d a l i t t le 

h a r d e r t o f i n d b a c t e r i a . A l s o , t h e 

a m o u n t of s c u m s e e m e d t o l e s sen . T h i s 

w a s b e c a u s e t h e p r o t o z o a w e r e f e e d i n g 

o n t h e b a c t e r i a . T h e y i n c r e a s e d in n u m 

b e r a s t h e y a t e u p t h e b a c t e r i a . 

P r o t o z o a a r e i n t e r e s t i n g t o w a t c h 

u n d e r a m i c r o s c o p e b e c a u s e t h e y h a v e 

so m a n y d i f fe ren t f o r m s a n d t h e y m o v e 

a b o u t in m a n y d i f fe ren t w a y s . Y o u c a n 

see t h e m h u n t i n g a n d c a t c h i n g t h e i r 

f o o d , w h i c h is u s u a l l y b a c t e r i a , b u t m a y 

The whips of flagellated bacteria 
help them to swim. 

Foul water teems with harm
ful disease-causing bacteria. 

f o r m of a n i m a l s " a n d r e f e r s t o t h e f ac t 

t h a t p r o t o z o a w e r e p r o b a b l y t h e first 

a n i m a l s t o a p p e a r in t h e o c e a n s of t h e 

e a r t h h u n d r e d s of m i l l i o n s of y e a r s a g o . 

T h e y a r e sti l l w a t e r a n i m a l s , a n d a r e 

f o u n d i n t h e seas , l a k e s a n d s t r e a m s . 

A s ing le o n e of t h e s e a n i m a l s i s c a l l e d 

a protozoan. 

A p r o t o z o a n , l i ke a b a c t e r i u m , is a 

s e p a r a t e b i t of l i v ing m a t t e r t h a t c a n 

t a k e in a n d u s e f o o d , g e t r i d of w a s t e s , 

m o v e , g r o w a n d r e p r o d u c e . T h e r e a r e 

t h o u s a n d s of k i n d s . M o s t a r e h a r m l e s s , 

b u t a f e w a r e h a r m f u l t o m a n . A m o n g 

t h e h a r m f u l o n e s a r e t h o s e t h a t c a u s e 

s u c h d i s e a s e s a s m a l a r i a , d y s e n t e r y a n d 

s l e e p i n g s i ckness . 

CHRYSAMOEBA 

GONYAULAX 

b e j u s t b i t s of o n c e - l i v i n g p l a n t o r a n i 

m a l m a t e r i a l floating a b o u t i n t h e w a t e r 

— o r i t m a y b e o t h e r p r o t o z o a . 

How can you 
examine 
protozoa? 

If y o u w o r k e d w i t h y o u r h a y i n f u s i o n 

f o r s e v e r a l d a y s , y o u 

m a y h a v e n o t i c e d t h a t 

i t b e c a m e c o n t i n u a l l y 

What do the 
protozoa eat? 

T h e h a n g i n g d r o p m e t h o d is o n e of t h e 

b e s t w a y s of p r e p a r i n g 

a s l ide fo r t h e e x a m i 

n a t i o n o f p r o t o z o a . 

T h e m a i n d i f f i c u l t y 

w i t h t h i s m e t h o d is t h a t t h e d r o p p r o 

v i d e s t h e t i n y a n i m a l s w i t h s u c h a l a r g e 

o c e a n t o s w i m i n t h a t t h e y s w i m e i t h e r 

a b o v e o r b e l o w t h e l eve l o n w h i c h y o u r 

m i c r o s c o p e is f o c u s e d . O n e b i g a d v a n 

t a g e of t h e h a n g i n g d r o p m o u n t fo r p r o 

t o z o a is t h a t t h e w a t e r d o e s n o t e v a p o 

r a t e eas i ly , a n d y o u c a n w a t c h t h e t i n y 

a n i m a l s f o r a l o n g t i m e . 
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A n o t h e r w a y t o p r e p a r e a s l ide fo r 

t h e o b s e r v a t i o n of p r o t o z o a is s i m p l y 

t o p l a c e a d r o p of w a t e r f r o m a h a y 

in fus ion o n a g l a s s s l ide a n d c o v e r i t 

g e n t l y w i t h a c o v e r g lass . W h e n o b t a i n 

i ng t h e d r o p , p o k e y o u r m e d i c i n e d r o p 

p e r b e n e a t h t h e s c u m o n t h e s u r f a c e of 

t h e i n fus ion . 

T h e c o v e r g l a s s flattens t h e d r o p of 

w a t e r so m u c h t h a t t h e r e i s v e r y l i t t le 

r o o m for t h e p r o t o z o a t o s w i m u p a n d 

d o w n . O n c e y o u h a v e f o c u s e d o n o n e 

of t h e m , i t wi l l u s u a l l y r e m a i n in f o c u s 

fo r a l o n g t i m e . T h e m a i n d i s a d v a n t a g e 

of t h i s m e t h o d of m o u n t i n g is t h a t t h e 

w a t e r e v a p o r a t e s q u i t e r a p i d l y . W h i l e 

y o u a r e l o o k i n g a t a p a r t i c u l a r l y i n t e r 

e s t i ng p r o t o z o a n , t h e s l ide m a y d r y u p 

r i g h t u n d e r y o u r eyes . Y o u c a n p r e v e n t 

t h i s f r o m h a p p e n i n g b y p u t t i n g a r i m 

of p e t r o l e u m je l ly a r o u n d t h e e d g e s of 

Ciliated bacteria have fringed 
hairs which vibrate. 

O n e w a y t o k e e p t h e p r o t o z o a i n p l a c e 

is t o t r a p t h e m in t h e fibers of a p i e c e 

of t h r e a d . F r a y a h a l f - i n c h p i e c e of 

t h r e a d so t h a t t h e fibers m a k e a m a t . 

F l a t t e n th i s m a t , a n d p l a c e it in t h e 

d r o p of w a t e r o n t h e s l ide , b e f o r e y o u 

p u t o n t h e c o v e r g lass . T h e fibers wi l l 

f o r m a " n e t " t h a t wil l e n t a n g l e a n d 

h o l d , o r s low d o w n , t h e p r o t o z o a in t h e 

w a t e r . 

Y o u m a y see o n e o r m o r e p r o t o z o a 

m o v e a r o u n d u n d e r 

How do y Q u r m i c r o s c o p e , a n d , 
protozoa , . 

, ._ u n l e s s y o u k n o w lus t 
move a b o u t ? , , , 

w h a t t o l o o k for , y o u 

m a y b e u n a b l e t o te l l j u s t h o w t h e y 

m o v e . S o m e p r o t o z o a m o v e t h r o u g h t h e 

w a t e r b y m e a n s of c i l ia a l o n g t h e s ides 

of t h e i r b o d i e s . S o m e p r o t o z o a n s h a v e 

a t o n e e n d a t h r e a d of l i v ing m a t t e r 

t h a t is l o n g e r a n d t h i c k e r t h a n a c i l i u m . 

T h i s t h r e a d is c a l l e d a flagellum, a L a t i n 

The tsetse fly 
carries the par
asite (left) of 
human sleep-
ng sickness. 

DIDIDIUM 

STYLONICHIA 

t h e c o v e r g lass , after i t is p l a c e d u p o n 

t h e d r o p of w a t e r . 

Y o u wi l l find t h a t m a n y p r o t o z o a a r e 

s i m p l y t o o a c t i v e t o en 

a b l e y o u t o g e t a g o o d 

l o o k a t t h e m , e s p e c i a l l y 

w h e n y o u a r e u s i n g t h e 

h i g h - p o w e r o b j e c t i v e . 

The anopheles 
mosquito, which 
carries the mala
ria parasite (right), 
transmits malaria. 

How can 
you keep 
protozoa 
in place? 



w o r d t h a t m e a n s " w h i p . " S o m e p r o t o 

z o a p u l l t h e m s e l v e s t h r o u g h t h e w a t e r 

b y b e a t i n g t h e s e w h i p s d o w n t o t h e i r 

s ides . O t h e r s u s e t h e w h i p a s a t a i l a n d 

p u s h t h e m s e l v e s t h r o u g h t h e w a t e r in 

t h e s a m e w a y y o u c a n p u s h a s m a l l b o a t 

a l o n g b y m o v i n g a s i ng l e o a r b a c k a n d 

f o r t h in t h e w a t e r b e h i n d t h e b o a t ' s 

s t e r n . 

T h e o n l y w h i p - b e a r i n g p r o t o z o a n t h a t 

y o u a r e l i k e l y t o find i n 
W h a t is a , . - . 
_ . a h a y i n f u s i o n is o n e 
Peranema? * 

c a l l e d Peranema. Y o u 

wi l l r e c o g n i z e t h i s o n e b e c a u s e i t h a s 

t w o w h i p s , a l o n g o n e a n d a s h o r t o n e , 

a t o p p o s i t e e n d s of t h e b o d y . Y o u m a y 

b e p u z z l e d t o u n d e r s t a n d w h a t m a k e s 

Peranema m o v e , w h e n i t s w h i p s s e e m 

t o b e s t a n d i n g sti l l . If y o u l o o k c lo se ly 

a t t h e t i p of t h e l o n g o n e , y o u wi l l see 

t h a t i t is v i b r a t i n g b a c k a n d f o r t h 

v e r y r a p i d l y . A l s o , Peranema is a l w a y s 

c h a n g i n g s h a p e . S o m e t i m e s i t l o o k s l i ke 

a r a d i s h , s o m e t i m e s l i ke a b u l g i n g p o 

t a t o . T o see Peranema we l l , y o u m u s t 

u s e a h i g h - p o w e r o b j e c t i v e a n d a r a t h e r 

d i m l igh t . 

If y o u s c r a p e t h e i n s i d e of y o u r 

m o u t h w i t h a t o o t h p i c k a n d m a k e a 

s l ide of t h e m a t e r i a l o b t a i n e d , y o u m a y 

b e a b l e t o see o t h e r w h i p - b e a r e r s . Sev

e r a l k i n d s l ive in t h e h u m a n b o d y , a n d 

a l m o s t a l l of t h e m a r e e n t i r e l y h a r m l e s s . 

Y o u r h a y i n f u s i o n m a y y i e ld a m o r e o r 

l ess s h a p e l e s s p r o t o z o a n 

c a l l e d a n amoeba. T h i s 

p r o t o z o a n h a s n o p a r t i c 

u l a r s h a p e . S o m e t i m e s i t m a y b e n e a r l y 

r o u n d , a n d a t o t h e r t i m e s i t m a y h a v e 

What is an 
amoeba? 

a ha l f d o z e n r a g g e d p r o j e c t i o n s s t ick

i n g o u t f r o m t h e c e n t r a l m a s s of i t s 

b o d y . 

How does an 
amoeba move? 

Y o u m u s t w a t c h a n a m o e b a fo r s o m e 

t i m e i n o r d e r t o see 

h o w i t m o v e s . I n t h e 

first p l a c e , i t s p e n d s 

a g r e a t p a r t of i t s t i m e r e s t i n g , o r , a t 

l e a s t , n o t m o v i n g . S e c o n d l y , a n a m o e b a 

m o v e s v e r y s lowly . A s y o u w a t c h , y o u 

wi l l s ee t h a t a p r o j e c t i o n of l i v ing m a t e 

r i a l s l o w l y m o v e s o u t w a r d f r o m t h e 

m a i n p a r t of i t s b o d y . T h i s p r o j e c t i o n 

is c a l l e d a pseudopod, o r fa l se foo t . 

T h e n , y o u wi l l see m o r e l iv ing m a t e 

r i a l s t r e a m i n g i n t o t h e fa l se f o o t , w h i c h 

wi l l g r o w l a r g e r . E v e n t u a l l y , a l l of 

t h e a m o e b a wi l l h a v e s t r e a m e d i n t o 

w h a t w a s a p s e u d o p o d , a n d t h e w h o l e 

a m o e b a wi l l n o w b e a t t h e p l a c e t o 

w h i c h t h e p s e u d o p o d first r e a c h e d o u t . 

What is a 
Paramecium? 

O n e of t h e m o s t c o m m o n k i n d of p r o 

t o z o a is a paramecium. 

I t is s h a p e d s o m e t h i n g 

l i ke a l o n g s l i ppe r . I t s 

b o d y is c o v e r e d w i t h c i l ia t h a t b e a t b a c k 

a n d f o r t h v e r y r a p i d l y . S i n c e t h e r e a r e 

h u n d r e d s of c i l ia o n t h e b o d y , a n d a l l 

a r e a c t i n g l i ke t i n y o a r s , t h e p a r a m e 

c i u m is m o v e d t h r o u g h t h e w a t e r v e r y 

r a p i d l y . A p a r a m e c i u m is a l s o o n e of 

t h e l a r g e s t of t h e p r o t o z o a . I t m a y r e a c h 

a d i a m e t e r of m o r e t h a n 1 / 1 0 0 of a n 

i n c h . If y o u see o n e u n d e r y o u r m i c r o 

s c o p e , i t m i g h t b e i n t e r e s t i n g t o r e m o v e 

t h e s l ide f r o m t h e c l i p s a n d see w h e t h e r 

y o u c a n see t h e p a r a m e c i u m w i t h y o u r 

n a k e d eye . T o d o t h i s p l a c e t h e s l ide o n 

a b l a c k b a c k g r o u n d , a n d s h i n e a l i gh t 
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d i r e c t l y d o w n u p o n t h e c o v e r g lass . T h e 

p a r a m e c i a wil l b e s e e n a s b r i g h t m o v i n g 

s p e c k s . 

What is inside 
a protozoan? 

P r o t o z o a , s u c h a s t h e a m o e b a a n d 

p a r a m e c i a , a r e l a r g e 

e n o u g h so t h a t w e 

n o t o n l y c a n s t u d y 

t h e i r g e n e r a l f o r m , b u t w e c a n e x a m i n e 

w h a t i s i n s i d e t h e m . 

S i n c e e a c h p r o t o z o a n is a s i ng l e liv

i ng cel l , i t p o s s e s s e s s o m e of t h e c h a r a c 

t e r i s t i c s of a l l l i v ing cel ls . I t is su r 

r o u n d e d b y a m e m b r a n e t h a t h o l d s i t 

t o g e t h e r . T h e l i v ing m a t e r i a l t h a t i s 

w i t h i n t h e ce l l m e m b r a n e is c a l l e d cyto

plasm. If y o u e x a m i n e t h e c y t o p l a s m 

ca re fu l l y , y o u wi l l see t h a t i t l o o k s 

g r a i n y , a s if i t w e r e m a d e u p of g r a i n s 

of c o l o r l e s s s a n d . I t i s t h i s g r a i n i n e s s 

t h a t e n a b l e s t h e c y t o p l a s m i n t h e 

a m o e b a t o s t r e a m i n t o i t s f a l se fee t , 

j u s t a s s a n d in a s a c k c a n b e m a d e t o 

flow a r o u n d b y m o v i n g t h e s a c k . 

W i t h i n t h e c y t o p l a s m is a l a r g e d a r k 

d o t . T h i s i s t h e ce l l ' s nucleus. A l l t h e 

m o v e m e n t s a n d ac t i v i t i e s of t h e p r o t o 

z o a n a r e d i r e c t e d b y i t . I t is s o m e w h a t 

a s t h o u g h t h e n u c l e u s w e r e t h e ce l l ' s 

b r a i n . 

S o m e w h e r e in t h e c y t o p l a s m of a n 

a m o e b a o r a P a r a 

m e c i u m , y o u wi l l 

see o n e o r t w o ( o r 

m o r e ) l a r g e c l e a r 

c i r c les . I n t h e p a r a m e c i u m , y o u m a y 

How do protozoa 
collect wastes 
and water? 

Peranema changes shape by contracting, expanding. 
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see a c l e a r , s t a r - s h a p e d s p o t . T h e s e a r e 

contractile vacuoles. T h e y m o v e a b o u t 

w i t h i n t h e c y t o p l a s m c o l l e c t i n g w a s t e 

m a t e r i a l s a n d e x c e s s w a t e r . W h e n t h e y 

r e a c h t h e m e m b r a n e of t h e p r o t o z o a n , 

t h e y s u d d e n l y c o n t r a c t a n d e x p e l t h e i r 

b u r d e n o u t s i d e t h e ce l l wa l l . A f t e r t h i s 

h a p p e n s , t h e v a c u o l e b e c o m e s v e r y 

s m a l l , b u t a s i t m o v e s a b o u t p i c k i n g u p 

w a s t e m a t e r i a l s a n d w a t e r , i t g r o w s 

l a r g e r . 

A l s o w i t h i n t h e c y t o p l a s m , y o u wi l l 

p r o b a b l y s e e s m a l l 

d a r k d o t s w i t h l i g h t e r 

c i r c l e s a r o u n d t h e m . 

T h e s e a r e b i t s of f o o d t h a t t h e p r o t o -

How does the 
amoeba eat? 

* f t 
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The amoeba is a microscopic, single-celled animal. 
Its name comes from the Greek word for change. 

z o a n h a s t a k e n i n t o i tse l f , a n d i t is i n t e r 

e s t i n g t o w a t c h h o w th i s is d o n e . W h e n 

a n a m o e b a c o m e s u p o n a b i t of f o o d , 

i t r e a c h e s o u t t w o p s e u d o p o d s t o sur

r o u n d t h e f o o d p a r t i c l e . W h e n t h e p s e u 

d o p o d s h a v e c u r v e d c o m p l e t e l y a r o u n d 

t h e p i e c e of f o o d , t h e y m e e t . T h e n t h e 

m e m b r a n e b e t w e e n t h e m d i s so lves , a n d 

t h e f o o d p a r t i c l e is i n s i d e t h e a m o e b a . 

A p a r a m e c i u m h a s a t o u g h e r cel l m e m 

b r a n e , a n d c a n n o t , 

How does a t h e r e f o r e , p u t o u t p s e u -
p a r a m e c i u m , , , 

» •» t M d o p o d s t o s u r r o u n d a 
get its food? . r 

b i t of f o o d . I n s t e a d , t h e 

P a r a m e c i u m h a s a m o u t h a n d a gu l l e t 

i n t o w h i c h n o u r i s h m e n t is t a k e n . If y o u 

l o o k c lose ly a t a p a r a m e c i u m , y o u wil l 

see a g r o o v e a l o n g o n e s ide , n e a r t h e 

f r o n t e n d . T h i s is t h e oral groove. F o c u s 

v e r y ca r e fu l l y , a n d y o u m a y b e a b l e t o 

see t h a t t h e o r a l g r o o v e is l i n e d w i t h 

c i l ia . W h e n a p a r a m e c i u m c o m e s u p o n 

f o o d p a r t i c l e s , u s u a l l y b a c t e r i a , t h e 

b e a t i n g of t h e c i l ia s h o v e t h e p a r t i c l e s 

a l o n g t h e o r a l g r o o v e t o a p o i n t n e a r 

t h e m i d d l e of t h e b o d y w h e r e t h e r e is a 

t u b e . T h e o p e n i n g of t h i s t u b e is t h e 

mouth, a n d t h e t u b e , i t se l f , is t h e gullet. 

W h e n f o o d p a r t i c l e s r e a c h t h e l o w e r 

e n d of t h e gu l l e t , t h e y co l l ec t i n t o a 

b a l l , a n d t h i s b a l l , a l o n g w i t h a l i t t le 

w a t e r , floats i n t o t h e c y t o p l a s m . Y o u 

see t h e f o o d a s a d a r k d o t , a n d t h e w a t e r 

a s t h e l i g h t c i r c l e a r o u n d t h e d o t . T o 

g e t h e r , t h e y m a k e u p a food vacuole. 

How can you 
feed protozoa? 

S i n c e t h e f e e d i n g a c t i o n s of p r o t o z o a 

a r e s o i n t e r e s t i n g , 

y o u m a y w a n t t o 

p r o v i d e f o o d in or

d e r t o w a t c h t h e m t a k e i t i n t o t h e i r b o d 

ies . P i c k off f r o m a c a k e of y e a s t a p i e c e 

a b o u t t h e s ize of t h e e y e of a n e e d l e . 

M a s h t h e s p e c k of y e a s t in a d r o p of 

w a t e r . P l a c e a l i t t l e of t h i s m i x t u r e in 

t h e c e n t e r of a d r o p of w a t e r t h a t con 

t a i n s p r o t o z o a . P l a c e a c o v e r s l ip o n t h e 
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The illustrations show 
how the pseudopods of 
an amoeba engulf a 
particle of food, until 
the food is completely 
inside the protozoan. 

w a t e r . D i p t h e e n d of a t o o t h p i c k i n t o 

r e d i n k a n d t r a n s f e r a s m a l l d r o p of i n k 

t o t h e e d g e of t h e c o v e r g lass . T h e r e d 

d y e i n t h e i n k wi l l m a k e i t e a s i e r f o r 

y o u t o see t h e f o o d - t a k i n g ac t iv i t i e s . 

W h e n b a c t e r i a o r p r o t o z o a find t h e m 

se lves in c o n d i t i o n s 

H o W d 0
i

b a C t e r i a t h a t a r e t o ° d l 7 , 
t h e y t e m p o r a r i l y 

s u s p e n d t h e i r l i v ing 

p r o c e s s e s , w i t h o u t a c t u a l l y d y i n g . T o 

a c c o m p l i s h th i s , t h e y s u r r o u n d t h e m 

selves w i t h a v e r y t o u g h c o v e r i n g t h a t 

p r o t e c t s t h e m f r o m c o m p l e t e l y d r y i n g 

o u t , a n d a l s o f r o m s u d d e n c h a n g e s in 

t e m p e r a t u r e . A b a c t e r i a in t h i s c o n d i 

t i o n is c a l l e d a spore, a n d a p r o t o z o a n 

is a cyst. S p o r e s a n d cys t s a r e v e r y l i g h t 

a n d c a n b e eas i ly c a r r i e d b y e v e n t h e 

l i gh t e s t b r e e z e s . 

W h e n a s p o r e o r cys t a g a i n h a p p e n s 

u p o n w e t c o n d i t i o n s , t h e t h i c k c o v e r i n g 

d i s so lves a n d t h e b a c t e r i u m o r t h e p r o 

t o z o a n g o e s o n l i v ing j u s t a s i t d i d be -

and protozoa 
suspend life? 

f o r e i t e n c o u n t e r e d u n f a v o r a b l e c o n d i 

t i o n s . 

S i n c e t h e g r a s s y o u u s e d fo r m a k i n g a 

h a y i n fu s ion w a s 
Where do hay-
infusion bacteria 
and protozoa 
come from? 

d r y , y o u m a y w o n 

d e r w h e r e w a t e r -

l i v i n g c r e a t u r e s 

l i k e b a c t e r i a a n d 

p r o t o z o a c a m e f r o m a f t e r t h e g r a s s h a d 

s o a k e d f o r a f e w d a y s . B a c t e r i a a n d 

p r o t o z o a t h a t h a d b e e n l iv ing o n t h e 

h a y - i n f u s i o n g r a s s b e f o r e it d r i e d f o r m e d 

s p o r e s a n d c y s t s w h e n d r y i n g t o o k 

p l a c e . W h e n y o u p l a c e d t h e g r a s s in 

w a t e r , t h e w a l l s of t h e s p o r e s a n d c y s t s 

d i s s o l v e d . 

A f ew d a y s a f t e r y o u p u t t h e d r y g r a s s 

i n t o t h e w a t e r , 

a s c u m m a d e 

u p of b a c t e r i a 

a p p e a r e d i n 

y o u r h a y i n fu s ion . F o r a f ew d a y s , t h e 

a m o u n t of s c u m i n c r e a s e d , t h e r e b y 

How do trie number 
of bacteria and 
protozoa increase? 
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I The common bread mold, Rhizopus nigricans, ire-
quently grows on old bread, and is magnified above 

M o l d s , M i l d e w , Y e a s t B u d d i n g 

S p r i n k l e w a t e r o n f o u r o r five s l ices of 

b r e a d . W i p e t h e d a m p 

s ide of t h e s e s l ices 

a c r o s s t h e floor, t a k 

i n g c a r e n o t t o c r u m 

b l e t h e b r e a d . P u t t h e 

b r e a d i n t o a c lose t o r s o m e o t h e r w a r m , 

d a r k p l a c e . T w o d a y s l a t e r , e x a m i n e 

t h e sl ices. Y o u wil l p r o b a b l y find o n 

t h e m p a t c h e s of a w h i t e c o t t o n y m a -

How can you 
grow plants 
on a slice 
of bread? 

t e r i a l p e p p e r e d w i t h b l a c k d o t s . T h i s 

m a t e r i a l is t h e t h i c k g r o w t h of a p l a n t 

c a l l e d common bread mold. 

T o e x a m i n e th i s m o l d , p l a c e a s m a l l 

p i e c e of b r e a d o n t h e s t a g e of y o u r 

m i c r o s c o p e . S h i n e a b r i g h t l igh t d o w n 

o n t h e m o l d . B e s u r e t h a t t h e l igh t d o e s 

n o t a l s o s h i n e in, y o u r e y e s a n d h i n d e r 

y o u r v i e w i n g . U s e t h e l o w - p o w e r ob jec 

t ive t o e x a m i n e t h e b r e a d m o l d . 
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What do molds 
look like? 

N o t e t h a t t h e w h i t e c o t t o n y m a t e r i a l is 

a t a n g l e d m a s s of 

f i l a m e n t s . T h i s i s 

c a l l e d a mycelium. 

T h e t h r e a d l i k e g r o w t h s a r e m a d e of liv

i ng m a t t e r . T r a c e o n e of t h e filaments. 

Y o u wil l see t h a t i t r u n s h o r i z o n t a l l y 

fo r a s h o r t d i s t a n c e , t h e n i t b r a n c h e s 

i n t o s e v e r a l v e r t i c a l f i l a m e n t s . O n t h e 

t o p of e a c h of t h e s e v e r t i c a l g r o w t h s is 

a b l a c k k n o b . T h e s e a r e sporangia, o r 

spore cases. W i t h i n e a c h o n e of t h e s e 

c a s e s a r e a l a r g e n u m b e r of s p o r e s . 

S o o n e r o r l a t e r , t h e k n o b s wi l l b u r s t 

o p e n . T h e s p o r e s a r e so l i g h t t h a t t h e y 

wil l eas i ly float a w a y in t h e a i r . W h e n 

a s p o r e a l i g h t s o n s o m e m a t e r i a l t h a t 

t h e m o l d c a n u s e fo r f o o d , t h e s p o r e 

wil l g r o w i n t o a w h o l e n e w m o l d p l a n t . 

I t w a s s p o r e s w i p e d u p f r o m t h e floor 

t h a t g r e w i n t o m o l d o n y o u r b r e a d . 

D i r e c t l y b e n e a t h t h e v e r t i c a l fila

m e n t s a r e o t h e r s t h a t b r a n c h d o w n w a r d 

i n t o t h e b r e a d . T h e s e filaments a c t l i ke 

r o o t s b y o b t a i n i n g f r o m t h e b r e a d t h e 

n o u r i s h m e n t t h e m o l d p l a n t n e e d s in 

o r d e r t o l ive a n d g r o w . 

How are molds 
useful to man? 

M o s t m o l d s a r e h a r m l e s s t o m a n , t h o u g h 

a f e w m a y c a u s e 

d i s ea se s . O n e s u c h 

d i s e a s e is " a t h l e t e ' s 

f o o t . " S o m e m o l d s a r e use fu l , s u c h a s 

t h e o n e s w h i c h g i v e flavor t o c e r t a i n 

k i n d s of c h e e s e . B y f a r t h e m o s t im

p o r t a n t u s e of m o l d s is t o p r o v i d e t h e 

b a s i s fo r t h e d r u g s c a l l e d antibiotics. 

T h e s e d r u g s h a v e h e l p e d t o c o n q u e r 

c e r t a i n d i s e a s e s t h a t t o o k t h o u s a n d s of 

l ives b e f o r e a n t i b i o t i c s w e r e d i s c o v e r e d . 

S o m e a n t i b i o t i c s a r e pen i c i l l i n , s t r e p t o 

m y c i n , a n d a u r e o m y c i n . 

H a v i n g e x a m i n e d t h e m o l d o n t h e 

b r e a d b y m e a n s of t h e l o w - p o w e r ob 

j ec t i ve , e x a m i n e i t i n a d i f fe ren t w a y . 

S c r a p e s o m e m o l d off t h e b r e a d a n d 

p l a c e i t o n a g l a s s s l ide . A d d a d r o p of 

w a t e r a n d a d r o p of a l c o h o l . T h e n c o v e r 

i t w i t h a c o v e r g lass . L i g h t t h e s l ide in 

t h e u s u a l w a y ; t h a t is, b y m e a n s of l i gh t 

r e f l ec t ed u p w a r d f r o m t h e m i c r o s c o p e 

m i r r o r . F i r s t e x a m i n e t h e m o l d w i t h t h e 

l o w - p o w e r o b j e c t i v e . T h e n u s e t h e h igh -

p o w e r o b j e c t i v e . Y o u wi l l see t h a t e a c h 

m o l d p l a n t is m a d e of m a n y cel ls . Y o u 

m i g h t e v e n b e a b l e t o see a n u c l e u s in 

o n e of t h e s e cel ls . 

I t i s p o s s i b l e t h a t a l o n g w i t h , o r in

s t e a d of , c o m m o n b r e a d m o l d , y o u wi l l 

find a n o r a n g e , b l a c k , g r e e n , o r p i n k 

m o l d g r o w i n g o n y o u r b r e a d . E a c h 

c o l o r r e p r e s e n t s a d i f fe ren t spec i e s of 

m o l d . E x a m i n e e a c h o n e a n d m a k e a 

c o m p a r i s o n of t h e s h a p e s a n d c o l o r s of 

t h e d i f fe ren t p a r t s of e a c h m o l d . 

What is 
mildew? 

H a v e y o u e v e r s e e n a w h i t i s h , p o w d e r y 

m a t e r i a l o n s h o e s o r l e a t h e r 

j a c k e t s t h a t w e r e s t o r e d in 

a d a m p p l a c e ? O r , p e r 

h a p s , d u r i n g a d a m p s u m m e r , y o u h a v e 

s e e n t h e s a m e k i n d of w h i t i s h s p o t s 

o n c u r t a i n s o r f a b r i c f u r n i t u r e cove r 

ings . O r , y o u m a y h a v e s e e n b l a c k 

s t r e a k s o n s h e e t s o r p i l l o w c a s e s t h a t 

y o u r m o t h e r s t o r e d w h i l e t h e y w e r e st i l l 

d a m p . B o t h t h e w h i t e s p o t s a n d t h e 

b l a c k s t r e a k s w e r e c a u s e d b y mildew, 

w h i c h is t h e g e n e r a l n a m e fo r a g r o u p 

of p l a n t s v e r y m u c h l ike t r u e m o l d s . 

M i l d e w s h a v e a m y c e l i u m a n d s p o r a n 

g i a . M i l d e w s n o t o n l y s t a in a n d r o t 

l e a t h e r a n d c l o t h , b u t t h e y a l s o d e s t r o y 

m a n y use fu l p l a n t s , a m o n g t h e m rose s , 

SPORE 
CASE OF 
BREAD 
MOLD 
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Rotifers are tiny, multi-celled marine 
animals, and abound in fresh-water 
ponds that have become stagnant. 
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OOLINA 

GLOBIGERINA 

Radiolaria are marine protozoa noted for threadlike 
pseudopods. The related Foraminifera have pseudo-
pods which protrude through holes in their shells. 

l i l acs a n d w i l l o w , p l u m , c h e r r y a n d 

p e a c h t r ees . T h e m i l d e w c o v e r s t h e s e 

p l a n t s w i t h a m y c e l i u m t h r o u g h w h i c h 

i t d r a w s n o u r i s h m e n t f r o m t h e p l a n t ' s 

cel ls . T h i s d e s t r o y s t h e s e cel ls , a n d 

t h e r e f o r e , k i l l s t h e p l a n t . 

O b s e r v e m i l d e w p l a n t s in t h e s a m e 

w a y t h a t y o u o b s e r v e d m o l d s . 

W h e n y o u w e r e f e e d i n g p r o t o z o a , y o u 

m a d e a m i x t u r e of 

. L JJ. i yeast and water . A l -yeast budding? J 

t h o u g h y o u w e r e p r i 

m a r i l y i n t e r e s t e d in t h e p r o t o z o a , y o u 

RAGWEED A 
POLLEN A *Z 

SPORES OF SCOURING RUSH 

Pollen are the tiny spores, or microspores, in seed 
plants. They are usually tiny specks of yellow dust. 

m a y h a v e n o t i c e d t h a t t h e y e a s t cel ls 

h a d m a n y c u r i o u s s h a p e s . L e t u s a g a i n 

o b s e r v e y e a s t . A s b e f o r e , m i x a t i n y 

s p e c k of y e a s t in a d r o p of w a t e r . P l a c e 

a c o v e r g l a s s o n t h e m i x t u r e . M a n i p u 

l a t e t h e m i r r o r of y o u r m i c r o s c o p e so 

a s t o c u t d o w n t h e l i gh t , a n d f o c u s ca re 

ful ly o n t h e y e a s t . 

37 



Y e a s t i s a p l a n t . T h e r o u n d , o r 

n e a r l y - r o u n d , cel ls t h a t y o u see a r e e a c h 

a s e p a r a t e y e a s t p l a n t . T w o t h i n g s t h a t 

wi l l p r o b a b l y c a t c h y o u r a t t e n t i o n im

m e d i a t e l y a r e t h a t s o m e y e a s t ce l l s s e e m 

t o h a v e l u m p s s t i c k i n g o u t of t h e m , a n d 

t h a t y e a s t cel ls a r e s een in c h a i n s . T h e s e 

t w o f a c t s a r e c lose ly r e l a t e d . 

Yeast cells reproduce by a division called "budding." 

L i k e o t h e r cells , y e a s t p l a n t s r e p r o 

d u c e b y ce l l d iv i s ion . B u t i n s t e a d of 

d i v i d i n g in t w o i n t h e m i d d l e , a y e a s t 

cel l g r o w s a b u d . T h i s b u d is t h e l u m p 

t h a t y o u c a n see a t t a c h e d t o s o m e cel ls . 

J u s t a s in o t h e r k i n d s of cel l d iv i s ion , 

t h e n u c l e u s sp l i t s in t w o . O n e p a r t of 

t h e n u c l e u s m o v e s i n t o t h e b u d , a n d t h e 

o t h e r p a r t r e m a i n s i n t h e p a r e n t cel l . 

T h e b u d is s m a l l a t first, b u t s o o n g r o w s 

t o b e t h e s a m e size a s t h e cel l f r o m 

w h i c h i t b u d d e d . A s y o u wil l r e m e m b e r , 

t h i s is q u i t e d i f fe ren t f r o m t h e t y p e of 

cel l d iv i s ion y o u h a v e o b s e r v e d . T h e r e , 

t h e cel l p i n c h e d in t w o , f o r m i n g t w o 

ce l l s e a c h h a l f t h e s ize of t h e ce l l t h a t 

d i v i d e d . E a c h of t h e t w o n e w cel ls t h e n 

g r e w t o t h e size of t h e cel l f r o m w h i c h 

t h e y c a m e . 

How else does 
yeast budding 
differ from 
cell division? 

A n o t h e r w a y i n w h i c h t h e b u d d i n g of 

y e a s t cel ls differs 

f r o m m o s t cel l divi

s ion is in t h e f ac t 

t h a t t h e n e w cell 

w h i c h g r o w s f r o m 

t h e b u d d o e s n o t n e c e s s a r i l y s e p a r a t e 

f r o m t h e p a r e n t cel l . A l t h o u g h t h e p a r 

e n t cel l a n d t h e b u d d e d cel l l ive a s sepa

r a t e p l a n t s , t h e y m a y r e m a i n a t t a c h e d 

t o e a c h o t h e r . A s b o t h t h e s e ce l l s b u d in 

t u r n , a n d t h e b u d s g r o w t o ful l size, a 

c h a i n of f o u r ce l l s i s f o r m e d . E v e n 

l o n g e r c h a i n s of y e a s t ce l l s m a y b e 

f o r m e d . H o w e v e r , t h e c o n n e c t i o n be

t w e e n t h e ce l l s is n o t v e r y s t r o n g , a n d , 

e v e n t u a l l y , t h e c h a i n b r e a k s . 

If y o u s e a r c h a b o u t a m o n g t h e y e a s t 

cel ls o n y o u r s l ide , y o u m a y find cel ls 

t h a t h a v e m o r e t h a n o n e b u d . W h e n 

th i s k i n d of b u d d i n g t a k e s p l a c e , Y -

s h a p e d c h a i n s m a y b e f o r m e d . 

T h e r e a r e t h o u s a n d s of d i f fe ren t k i n d s 

of yeasts. Cer ta in 
How are yeasts , . , 

, , . _ kinds are very use-
useful to man? ;L 

ful t o m a n . T h e s e 

a r e t h e o n e s u s e d in t h e p r o c e s s of fer

mentation. M o s t y e a s t s l ive a n d g r o w 

o n s u g a r . A s t h e y o b t a i n t h e i r n o u r i s h 

m e n t f r o m s u g a r , t h e y c h a n g e i t i n t o 

a l c o h o l a n d c a r b o n d i o x i d e gas . T h i s is 

t h e p r o c e s s c a l l e d fermentation. A l c o 

h o l is a v e r y use fu l c h e m i c a l . 

W h e n y e a s t is m i x e d w i t h b a k i n g 

d o u g h , t h e y e a s t p l a n t s g r o w o n t h e 

s u g a r in t h e d o u g h . T h a t is, t h e y e a s t 

f e r m e n t s t h e s u g a r i n t h e d o u g h t o f o r m 

a l c o h o l a n d c a r b o n d i o x i d e . T h i s g a s 

f o r m s b u b b l e s in t h e d o u g h , a n d t h e 

d o u g h swel ls . W h e n t h i s h a p p e n s w e 
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say t h a t t h e d o u g h " r i s e s . " D o u g h t h a t 

r i ses b e c o m e s l i gh t a n d fluffy. W h e n t h e 

b r e a d is b a k e d , t h e h e a t d r i v e s off b o t h 

t h e c a r b o n d i o x i d e a n d t h e a l c o h o l . A l l 

t h e h o l e s a n d i n d e n t a t i o n s in a s l ice of 

b r e a d a r e t h e r e m a i n s of b u b b l e s of ca r 

b o n d i o x i d e . 

D i s s o l v e a t e a s p o o n f u l of s u g a r in ha l f 

a t u m b l e r o f 
How can you see •» , , 
, J „ w a t e r . M a k e u p a 
fe rmenta t ion? r 

f r e sh m i x t u r e of 

y e a s t a n d w a t e r . P l a c e a d r o p of t h e 

m i x t u r e o n a c o v e r g l a s s a n d a d d a d r o p 

of s u g a r - w a t e r . M a k e a h a n g i n g - d r o p 

p r e p a r a t i o n of t h e c o v e r g l a s s a n d i t s 

m i x t u r e . L e a v e t h e h a n g i n g - d r o p s l ide 

in a w a r m p l a c e . A n h o u r l a t e r , p l a c e 

t h e s l ide u n d e r y o u r m i c r o s c o p e . D o 

y o u see t h e m a n y b u b b l e s of c a r b o n 

d i o x i d e f o r m e d b y t h e y e a s t ' s f e r m e n t 

i ng a c t i o n o n t h e s u g a r ? 

I n s e c t s 

O b t a i n a s m a l l w i d e - m o u t h b o t t l e w i t h 

a l id . C o v e r t h e i n s i d e 

b o t t o m w i t h b l o t t i n g 

p a p e r , p a p e r t o w e l s o r 

a b s o r b e n t c o t t o n . T h e n 

w e t t h e m a t e r i a l w i t h h o u s e h o l d a m m o 

n i a . ( D o n o t h o l d y o u r f a c e c l o s e t o t h e 

b o t t l e w h e n y o u a r e p o u r i n g a m m o n i a , 

f o r i t wi l l c a u s e y o u r e y e s a n d n o s e t o 

s m a r t p a i n f u l l y . ) C a p t h e w i d e - m o u t h 

b o t t l e . N o w y o u h a v e a n i n s e c t co l lec

t o r ' s b o t t l e . If y o u p l a c e a n i n s e c t in i t , 

t h e a m m o n i a wi l l q u i c k l y k i l l t h e spec i 

m e n w i t h o u t d a m a g i n g i t a s s w a t t i n g 

m i g h t d o . 

Where can 
you keep 
insects? 

C a t c h a fly in y o u r h a n d . W h e n y o u 

see a fly r e s t i n g o n s o m e o b j e c t , s lowly 

m o v e y o u r c u p p e d h a n d c lose t o t h e 

i n sec t . T h e n , w i t h a s u d d e n q u i c k m o v e 

m e n t , g r a b t h e fly. Y o u wil l p r o b a b l y 

h a v e t o t r y t h i s m o r e t h a n o n c e . H o l d 

t h e fly g e n t l y in y o u r h a n d , a n d t h e n 

p o p i t i n t o t h e c o l l e c t i n g b o t t l e . A f t e r 

t h e fly is d e a d , u s e y o u r t w e e z e r s t o 

r e m o v e it f r o m t h e b o t t l e . P l a c e i t o n a 

g l a s s s l ide a n d m a n i p u l a t e it w i t h y o u r 

p r o b e so t h a t y o u c a n o b t a i n a g o o d 

v i e w of o n e of i t s eyes b e n e a t h t h e low-

p o w e r o b j e c t i v e of y o u r m i c r o s c o p e . 

What does a 
fly's eye 
look like? 

D o y o u see t h a t t h e w h o l e s u r f a c e of 

t h e e y e is c o m p o s e d 

o f t i n y h e x a g o n a l 

( s i x - s i d e d ) s p a c e s ? 

T h e s e s p a c e s a r e 

c a l l e d facets. E a c h o n e g ives t h e fly a 

s e p a r a t e i m p r e s s i o n of l i gh t a n d c o l o r . 

I n o t h e r w o r d s , e a c h f a c e t a c t s a s 

t h o u g h i t w e r e a s e p a r a t e eye . A n eye 

m a d e u p of f a c e t s is c a l l e d a c o m p o u n d 

eye . M a n y i n s e c t s h a v e s u c h eyes . 

Insect eggs come in many different shapes and sizes. 

39 



, w N o t e h o w t h e fly's e y e b u l g e s o u t 

w a r d o n a l l s ides of t h e h e a d . I n f ac t 

t h e e y e s m a k e u p t h e l a r g e s t p a r t of t h e 

h e a d . B e c a u s e t h e e y e s b u l g e o u t so f a r , 

t h e y e n a b l e t h e fly t o see i n a l l d i r e c t i o n s 

a t o n c e . T h i s is w h y i t is so h a r d t o 

c a t c h a fly, f o r i t c a n see a s we l l b e h i n d 

a s in f r o n t of i t se l f . 

Orion acrylic fiber, as seen under a microscope. 

How can a fly 
walk upside down? 

A filament of rayon yarn as seen under a microscope. 

L o o k a t t h e fly's f oo t . N o t e t h e h a i r y 

p a d s b e t w e e n 

t w o c u r v i n g 

c l a w s . T h e 

p a d s s e c r e t e a s t i c k y s u b s t a n c e t h a t en

a b l e t h e fly t o c l i n g t o s m o o t h su r f aces . 

T h i s is w h y a fly c a n w a l k u p s i d e d o w n 

o n t h e ce i l ing . L o o k a t t h e w i n g s of a 

fly. T h e " v e i n s " in t h e w i n g a r e r e a l l y 

d r i e d - u p a i r t u b e s t h a t c o n n e c t w i t h t h e 

fly's b r e a t h i n g o r g a n s . 

T h e r e a r e m o r e k i n d s of i n s e c t s t h a n 

a n y o t h e r k i n d of a n i m a l . A s i n s e c t s 

h a v e a n a l m o s t inf in i te v a r i e t y of f o r m s 

a n d o d d l y - s h a p e d o r g a n s , a c o l l e c t i o n 

of s e v e r a l d i f f e ren t k i n d s wil l p r o v i d e 

y o u w i t h e n o u g h m a t e r i a l f o r m a n y 

h o u r s of i n t e r e s t i n g m i c r o s c o p i c e x a m i 

n a t i o n . 

Nylon stocking weave as seen under microscope. 

F a b r i c s 

Y o u m a y a l r e a d y k n o w t h a t c o t t o n 

t h r e a d is m a d e f r o m 
How is cotton ., .. , rp, 

. . _ t h e c o t t o n p l a n t . T h e 
th read m a d e r 

f r u i t o f t h e c o t t o n 

p l a n t i s a w h i t e fluffy m a t e r i a l m u c h 

l i k e a b s o r b e n t c o t t o n . T h i s i s c l e a n e d 

a n d s p u n i n t o t h r e a d . B u t j u s t w h a t 

g o e s o n i n t h e s p i n n i n g p r o c e s s ? Y o u 

c a n find t h i s o u t b y e x a m i n i n g a p i e c e 
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of c o t t o n t h r e a d u n d e r y o u r m i c r o 

s c o p e . 

M a k e a n o t h e r p r o b e b y s t i c k i n g t h e 

e y e - e n d of a n e e d l e i n t o t h e e r a s e r f r o m 

a p e n c i l . C u t a h a l f - i n c h l e n g t h of co t 

t o n t h r e a d , w e t i t , a n d p l a c e i t o n a s l ide 

b e n e a t h t h e l o w - p o w e r o b j e c t i v e of y o u r 

m i c r o s c o p e . N o t e t h a t t h e w h o l e l e n g t h 

of t h e t h r e a d h a s a s p i r a l tw i s t . 

U s i n g b o t h y o u r p r o b e s , p i c k t h e 

t h r e a d a p a r t . F i r s t u n d o t h e s p i r a l , t h e n 

p i c k t h e s t r a n d s a p a r t i n t o t h e s m a l l e r 

fibers of w h i c h t h e y a r e m a d e . W h e n 

y o u h a v e t a k e n t h e w h o l e p i e c e of 

t h r e a d a p a r t , y o u c a n eas i ly r e c o n s t r u c t 

w h a t w e n t o n in t h e s p i n n i n g p r o c e s s . 

T h e fibers t h a t m a k e u p t h e c o t t o n a s 

it c o m e s f r o m t h e p l a n t w e r e p u l l e d o u t 

i n t o s t r a n d s w h i c h w e r e t h e n t w i s t e d 

i n t o a t h r e a d . 

S i n c e i t is so e a s y t o p i c k a p a r t a 

p i e c e of c o t t o n , y o u m a y w o n d e r w h a t 
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g ives a t h r e a d i t s s t r e n g t h . U s e a h igh -

p o w e r o b j e c t i v e t o l o o k a t t h e s m a l l e s t 

fibers. D o y o u see h o w c r o o k e d a n d 

t w i s t e d t h e y a r e ? W h e n a n u m b e r of 

t h e s e fibers a r e b r o u g h t in c l o s e c o n 

t a c t w i t h o n e a n o t h e r , a s in t h e c o t t o n -

s p i n n i n g p r o c e s s , t h e c r o o k e d p a r t s a n d 

b e n d s of o n e fiber c a t c h i n t h e c r o o k e d 

p a r t s of a n o t h e r a n d h o l d t h e s e p a r a t e 

fiber t o g e t h e r . 

O b t a i n a s h o r t l e n g t h of w o o l y a r n , s i lk 

t h r e a d a n d l i n e n 
How do na tura l t h r e a d . E x a m i n e 
fibers differ , , ,_, , 
, . e a c h u n d e r t h e low-
from m a n - m a d e 

(artificial) ones? a n d h i g h - p o w e r ob 

j e c t i v e s o f y o u r 

m i c r o s c o p e . U s e d i r e c t l i g h t i n g f r o m 

a b o v e . N o t e t h a t t h e w o o l fibers a r e 

s t r a i g h t , t h i c k a n d sca ly . C o m p a r e t h e s e 

w o o l fibers w i t h a h a i r f r o m y o u r h e a d . 

N o t e t h a t t h e si lk fibers a r e s t r a i g h t , 

b u t h a v e r o u g h s u r f a c e s . L i n e n fibers 

h a v e v e r y j a g g e d su r f aces . D o y o u t h i n k 

t h a t t h e r e is a n y c o n n e c t i o n b e t w e e n 

t h e j a g g e d s u r f a c e of l i n e n fibers a n d 

t h e s t r e n g t h of l i n e n t h r e a d ? 

A l l t h e fibers y o u h a v e e x a m i n e d so 

f a r a r e n a t u r a l fibers. F r o m t h e e d g e s 

of t h e i n s i d e of a r a y o n , n y l o n , O r i o n o r 

D a c r o n g a r m e n t , o b t a i n a f e w t h r e a d s . 

T h e s e a r e ar t i f ic ia l o r m a n - m a d e fibers. 

E x a m i n e t h e m u n d e r y o u r m i c r o s c o p e . 

N o t e h o w s m o o t h t h e y a r e w h e n c o m 

p a r e d t o n a t u r a l fibers. 

Y o u c a n k e e p a n i n t e r e s t i n g r e c o r d 

of w h a t y o u h a v e l e a r n e d b y p l a c i n g 

h a l f - i n c h l e n g t h s of t h e f o u r k i n d s of 

n a t u r a l fibers o n a g lass s l ide , c a r e f u l l y 

c o v e r i n g t h e m w i t h a t h i n c o a t i n g of 

C a n a d a b a l s a m a n d p l a c i n g a c o v e r 

g l a s s o n t h e b a l s a m . D o t h e s a m e w i t h 

t h e f o u r k i n d s of m a n - m a d e fibers. 

How is 

muslin 
woven? 

L o o k a t a m u s l i n s h e e t o r p i l l o w c a s e 

w i t h t h e l o w - p o w e r ob jec 

t ive . N o t e h o w e v e n l y t h e 

t h r e a d s a r e w o v e n i n t o a 

s q u a r e p a t t e r n . T h e w e a v 

i n g is d o n e b y s t r e t c h i n g a l a r g e n u m b e r 

of t h r e a d s p a r a l l e l t o e a c h o t h e r . T h e s e 

t h r e a d s m a k e t h e warp. A n e q u a l n u m 

b e r of p a r a l l e l t h r e a d s a r e w o v e n o v e r 

a n d u n d e r , o v e r a n d u n d e r t h e t h r e a d s 

of t h e w a r p . T h e s e c o n d g r o u p of 

t h r e a d s is c a l l e d t h e woof, o r weft. 

S o m e t i m e s t h e o v e r - a n d - u n d e r p a t t e r n 

of w e a v i n g is m o d i f i e d b y h a v i n g t h e 

w o o f g o o v e r t w o , t h r e e o r m o r e t h r e a d s 

of t h e w a r p , b e f o r e g o i n g u n d e r o n e 

t h r e a d . T r y t o o b t a i n e x a m p l e s of r e p 

a n d g a b a r d i n e twi l l f a b r i c s t o e x a m i n e 

u n d e r y o u r m i c r o s c o p e . N o t e h o w dif

f e r e n t f r o m m u s l i n t h e w e a v e of t h e s e 

f a b r i c s is. 

How is knitted 
fabric made? 

E x a m i n e a j e r s ey , T - s h i r t , o r w o m a n ' s 

s t o c k i n g . T h e f a b r i c 

f r o m w h i c h t h e s e 

i t e m s a r e m a d e is 

n o t w o v e n , b u t is k n i t t e d . E x a m i n e a 

p i e c e of fel t f r o m a m a n ' s h a t o r s o m e 

o t h e r s o u r c e . C a n y o u see a w e a v i n g 

p a t t e r n h e r e ? T h e r e is n o n e , f o r fel t is 

n o t a w o v e n c l o t h . I t is m a d e f r o m a 

l a r g e n u m b e r of s h o r t fu r fibers t h a t 

a r e m i x e d w i t h w a t e r . T h e w a t e r is 

d r a i n e d off, a n d t h e r e s u l t i n g m a t is 

p r e s s e d flat. 
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You can obtain a blood sample from the index 
finger of your hand with a sterilized needle. 

Below are three steps in making a blood 
smear on a slide as indicated on page 44. 

B l o o d " 

O n e of t h e m o s t i n t e r e s t i n g t h i n g s y o u 

c a n e x a m i n e u n d e r a 
W h a t does 
blood do? m i c r o s c o p e i s y o u r 

o w n b l o o d . B l o o d is a 

m o s t r e m a r k a b l e fluid. I t h a s b e e n c a l l e d 

" t h e r i v e r of l i fe ," a n d t h i s i s a n exce l 

l e n t d e s c r i p t i o n , f o r b l o o d s u p p l i e s t h e 

cel ls of t h e b o d y w i t h t h e m a t e r i a l s t h e y 

n e e d fo r n o u r i s h m e n t a n d r e p a i r , a n d it 

r e m o v e s w a s t e s f r o m t h e cel ls . A l s o , t h e 

b l o o d c o n t a i n s ce l l s t h a t fight d i s e a s e 

a n d s u b s t a n c e s t h a t r e p a i r c u t o r b r u i s e d 

p a r t s of t h e b o d y . 

B l o o d is m a d e u p of b o t h l i q u i d a n d 

so l id p a r t s . T h e liq

u i d is c a l l e d plasma. 

T h e so l id p a r t s a r e 

red corpuscles, white corpuscles, a n d 

What is blood 
made of? 

platelets. T h e w o r d corpuscle is t h e 

L a t i n w o r d fo r " l i t t l e b o d y . " C o r p u s c l e s 

a r e cel ls . M o r e t h a n n i n e - t e n t h s of t h e 

b l o o d c o n s i s t s of r e d c o r p u s c l e s . T h e s e 

ce l l s a r e so s m a l l t h a t a l a r g e d r o p of 

b l o o d c o n t a i n s m o r e t h a n 2 5 0 m i l l i o n 

of t h e m . T h e y a r e d i s c - s h a p e d a n d con 

c a v e o n e a c h s ide , a n d c o n t a i n a sub

s t a n c e c a l l e d hemoglobin. W h e n h e m o 

g l o b i n c o m b i n e s w i t h o x y g e n , i t t u r n s 

b r i g h t r e d . T h i s is w h y f resh b l o o d ou t 

s ide t h e b o d y is a l w a y s r e d . 
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How can you 
get a sample 
of your blood? 

L e t u s e x a m i n e s o m e r e d cel ls . Se t o u t 

t w o c l e a n g l a s s 

s l ides , s o m e a b s o r 

b e n t c o t t o n , a b o t t l e 

of a l c o h o l , a c a n d l e , 

a n d a s h a r p n e e d l e . L i g h t t h e c a n d l e . 

B e s u r e t o k e e p t h e a l c o h o l a w a y f r o m 

t h e flame, a s a l c o h o l is i n f l a m m a b l e a n d 

is ea s i ly set o n fire. S c r u b t h e t i p of t h e 

i n d e x finger of y o u r lef t h a n d ( i f y o u 

a r e r i g h t - h a n d e d ) w i t h a s w a b of a l c o 

h o l - s o a k e d c o t t o n . B e t h o r o u g h a b o u t 

th i s , so a s t o k i l l a l l b a c t e r i a o n y o u r 

finger t i p . H o l d t h i s finger firmly be 

t w e e n t h e t h u m b a n d m i d d l e finger of 

t h e s a m e h a n d . S te r i l i ze t h e p o i n t of t h e 

n e e d l e b y p a s s i n g i t b a c k a n d f o r t h 

t h r o u g h t h e c a n d l e flame a f e w t i m e s . 

W h e n t h e n e e d l e h a s c o o l e d , g r a s p i t 

n e a r , b u t n o t a t , t h e p o i n t . Q u i c k l y j a b 

t h e n e e d l e i n t o t h e i n d e x finger of y o u r 

left h a n d — t h e o n e y o u h a v e c l e a n e d . 

T h i s wi l l h u r t n o m o r e t h a n a m o s q u i t o 

b i t e . S q u e e z e y o u r finger in o r d e r t o 

f o r m a l a r g e d r o p of b l o o d a b o v e t h e 

p u n c t u r e . B e f o r e y o u g o a b o u t t a k i n g 

a d r o p of y o u r o w n b l o o d , h o w e v e r , b e 

s u r e t o g e t p e r m i s s i o n f r o m y o u r p a r e n t 

o r g u a r d i a n . I t i s a l s o r e c o m m e n d e d 

t h a t a n a d u l t s u p e r v i s e t h e e n t i r e p r o 

c e d u r e . 

W i t h y o u r r i g h t h a n d , p i c k u p o n e of 

t h e c l e a n s l ides 
H o w d o you m a k e , , . . 

. . . _ a n d t o u c h i t , 
a b lood s m e a r ? 

n e a r o n e e n d , t o 

t h e d r o p of b l o o d . P l a c e t h i s s l ide o n a 

t a b l e , w i t h t h e d r o p of b l o o d u p p e r 

m o s t . H o l d t h i s s l ide firmly b e t w e e n t h e 

t h u m b a n d m i d d l e finger of y o u r left 

h a n d . P i c k u p t h e o t h e r s l ide in y o u r 

r i g h t h a n d . H o l d i t n e a r l y v e r t i c a l a n d 

t o u c h i t s b o t t o m e d g e t o t h e d r o p of 

b l o o d o n t h e first s l ide . R a p i d l y a n d 

s m o o t h l y m o v e t h e n e a r l y - v e r t i c a l s l ide 

a l o n g t h e s u r f a c e of t h e o t h e r s l ide , 
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A microscopic view of red and white 
blood cells are shown (left). The red 
corpuscles outnumber the white ones. 
A white corpuscle (a phagocyte) de
stroys a germ by engulfing it (above). 

p u l l i n g t h e b l o o d in a n e v e n s m e a r a l o n g 

b e h i n d t h e m o v i n g s l ide . S t u d y t h e il

l u s t r a t i o n t o u n d e r s t a n d c l e a r l y h o w t o 

d o th i s . Y o u m u s t d o a l l t h i s q u i c k l y , 

so t h a t t h e d r o p of b l o o d o n t h e s l ide 

d o e s n o t c l o t b e f o r e y o u s p r e a d i t o u t 

i n t o a s m e a r . 

W h e n y o u h a v e finished m a k i n g t h e 

b l o o d s m e a r , s w a b off y o u r left i n d e x 

finger w i t h a l c o h o l - s o a k e d c o t t o n . 

ce l l s s t a n d i n g o n e d g e a n d r e s e m b l i n g 

d u m b b e l l s . T h e r e m a y b e s e v e r a l r e d 

ce l l s s t a c k e d o n e o n t o p of a n o t h e r l i ke 

a p i l e of c o i n s . 

H e r e a n d t h e r e a m o n g t h e r e d cel ls , 

y o u wi l l see a m u c h l a r g e r , c o l o r l e s s 

cel l . T h e s e a r e w h i t e c o r p u s c l e s . T h e r e 

is o n l y o n e w h i t e c o r p u s c l e fo r a p p r o x i 

m a t e l y e v e r y 8 0 0 r e d c o r p u s c l e s . M o s t 

of t h e s e ce l l s h a v e a g e n e r a l l y r o u n d 

s h a p e , b u t t h e y m a y b e in a l m o s t a n y 

s h a p e , l o o k i n g v e r y m u c h l i k e a n 

a m o e b a . I n f ac t , t h e y a r e a b l e t o m o v e 

t h r o u g h t h e b o d y ' s t i s sues in m u c h t h e 

s a m e m a n n e r a s a n a m o e b a m o v e s . 

W h i t e ce l l s a r e t h e b o d y ' s d i s e a s e fight

e r s , a n d d i s e a s e is c a u s e d b y a n ove r 

a b u n d a n c e of h a r m f u l b a c t e r i a w i t h i n 

One red blood cell, or corpuscle, shown magnified. 

What do blood 
cells look like? 

E x a m i n e t h e b l o o d s m e a r u n d e r t h e 

l o w - p o w e r o b j e c t i v e . 

T h e r e d ce l l s wi l l 

l o o k b a r e l y p i n k . 

M o v e t h e s l ide b a c k a n d f o r t h in o r d e r 

t o g e t a n i d e a of h o w m a n y t h o u s a n d s 

of r e d ce l l s a r e in t h e s m a l l d r o p of 

b l o o d y o u p u t o n t h e s l ide . 

N o w , u s e t h e h i g h - p o w e r o b j e c t i v e . 

Y o u c a n eas i ly see t h a t r e d ce l l s a r e cir

c u l a r w i t h a c o n c a v e d e p r e s s i o n in t h e 

m i d d l e of e a c h s ide . Y o u m a y see s o m e 

t h e b o d y . I t is t h e t a s k of w h i t e co r 

p u s c l e s t o d e s t r o y b a c t e r i a . T o d e s t r o y 

a b a c t e r i u m , a w h i t e cel l e n g u l f s i t , j u s t 

a s a n a m o e b a e n g u l f s a b i t of f o o d . 

I n s i d e t h e w h i t e cel l , t h e b a c t e r i u m is 

d i g e s t e d . 

A s p e c i a l k i n d of s t a i n is n e e d e d t o 

p r o p e r l y s t a i n a w h i t e cel l , b u t y o u c a n 

d o a f a i r ly g o o d j o b b y u s i n g " p e r m a 

n e n t " b l u e f o u n t a i n p e n i n k . W h e n y o u 

h a v e fixed a n d s t a i n e d y o u r b l o o d s m e a r , 

y o u wi l l see t h a t w h i t e c o r p u s c l e s h a v e 
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v e r y i r r e g u l a r l y - s h a p e d n u c l e i . T h e 

n u c l e u s m a y b e r o u n d , s o m e w h a t h o r s e 

s h o e - s h a p e d , o r m a d e u p of s e v e r a l 

s m a l l b i t s h e l d t o g e t h e r b y t h r e a d s of 

n u c l e a r m a t e r i a l . I t is b e c a u s e of t h e 

s h a p e of t h e n u c l e u s , t h a t a w h i t e cel l 

is c a l l e d a polymorphonuclear leuco

cyte. Poly m e a n s " m a n y " in G r e e k ; 

morphos m e a n s " f o r m " ; leuco m e a n s 

" w h i t e " ; a n d cytos m e a n s " ce l l . " T h u s , 

t h e b i g w o r d m e a n s " w h i t e ce l l w i t h 

m a n y - f o r m e d n u c l e u s . " 

G e t a p i e c e of t h i n w o o d a b o u t t h r e e 

i n c h e s l o n g a n d t w o 

i n c h e s w i d e . A p i e c e 

of p l y w o o d wil l d o , o r 

a sh ing le . N e a r o n e 

e n d , dr i l l a h o l e a b o u t a h a l f - i n c h i n 

d i a m e t e r . M a k e a p a d of w e t c l o t h o r 

How can you 
see blood in 
circulation? 

HEART 

a b s o r b e n t c o t t o n a b o u t f i ve b y t e n 

i n c h e s . G e n t l y w r a p a l ive go ldf i sh in 

t h i s p a d , so t h a t o n l y i t s t a i l s t i cks o u t . 

P u t t h e fish o n t h e b o a r d in s u c h a pos i 

t i o n t h a t t h e tail-fin is d i r e c t l y o v e r t h e 

h o l e . P l a c e a h a n d k e r c h i e f o v e r t h e u p 

p e r p a r t of t h e fish a n d fix t h e h a n d k e r 

chief t o t h e b o a r d w i t h t h u m b t a c k s . 

P l a c e t w o o t h e r t h u m b t a c k s a t t h e e d g e s 

of t h e h o l e so t h a t t h e e d g e s of t h e t a c k s 

p r e s s o n t h e t w o o u t e r p o i n t s of t h e 

fish's ta i l . B e c a r e f u l n o t t o s t i ck t h e 

t a c k s t h r o u g h t h e ta i l . 

P l a c e t h e b o a r d o n t h e s t a g e of y o u r 

m i c r o s c o p e , w i t h t h e t a i l d i r e c t l y u n d e r 

t h e o b j e c t i v e . F o c u s w i t h l o w p o w e r . 

A s y o u e x a m i n e t h e t a i l , w e t i t f r o m 

t i m e t o t i m e w i t h a l i t t l e w a t e r f r o m 

y o u r fingers. 

Y o u wi l l see l a r g e b l o o d vesse l s t h a t 

r u n p a r a l l e l t o t h e r a y s of t h e ta i l . N o t e 

h o w t h e s e l a r g e v e s s e l s d i v i d e i n t o 

s m a l l e r b r a n c h e s , a n d t h e s e b r a n c h e s 

i n t o t i n y o n e s , c a l l e d capillaries. If y o u 

f o l l o w t h e flow of b l o o d ce l l s f r o m t h e 

l a r g e b l o o d vesse l s t o t h e cap i l l a r i e s , 

y o u wil l see t h a t f r o m t h e cap i l l a r i e s , 

t h e b l o o d flows i n t o l a r g e r b r a n c h e s t h a t 

j o i n still l a r g e r b l o o d vesse ls , a s t h e 

b l o o d flows b a c k t o t h e fish's h e a r t . 

D o n o t k e e p t h e fish o u t of w a t e r fo r 

m o r e t h a n t e n m i n u t e s . If , w h e n y o u 

r e t u r n t h e fish t o w a t e r , i t s e e m s slug

g i sh a n d u n a b l e t o s w i m wel l , p i c k i t u p 

b y t h e ta i l a n d d i p i t i n a n d o u t of t h e 

w a t e r a few t i m e s . T h i s s h o u l d h e l p t h e 

fish t o b e g i n b r e a t h i n g p r o p e r l y a g a i n . 

The flow of blood may be viewed in a frog's foot as 
it travels from the heart, through the arteries and 
capillaries and back to the heart through the veins. 



How can you 
observe the 
insides of 
living things? 

S u p p o s e y o u a r e i n t e r e s t e d in l e a r n i n g 

a b o u t t h e h e a r t of a 

f rog , t h e s t e m of a 

flower, o r t h e e g g of 

a n i n sec t . A f t e r y o u 

h a v e e x a m i n e d t h e s e 

o b j e c t s w i t h t h e low- a n d h i g h - p o w e r 

ob j ec t i ve s of y o u r m i c r o s c o p e , y o u c a n 

still l e a r n m u c h m o r e a b o u t t h e m b y 

s t u d y i n g t h e i r i n s ides . W h a t is t h e b e s t 

w a y t o d o t h i s ? 

O b t a i n a b o l t t h a t is a t l e a s t o n e -

q u a r t e r i n c h in d i a m e t e r , a n d a n u t t o 

fit t h e b o l t . S c r e w t h e b o l t a b o u t one -

q u a r t e r w a y i n t o t h e n u t . P r o p t h e b o l t 

in a v e r t i c a l p o s i t i o n , so t h a t t h e o p e n 

i n g in t h e b o l t is u p p e r m o s t . P l a c e t h e 

o b j e c t y o u w i s h t o s t u d y i n s i d e t h i s 

o p e n i n g . M e l t s o m e para f f in — t h e m a 

t e r i a l u s e d t o sea l j a m a n d je l ly j a r s — 

in a s p o o n , u s i n g a c a n d l e flame fo r a 

s o u r c e of h e a t . P o u r t h e m e l t e d para f f in 

i n t o t h e h o l e i n t h e b o l t . 

W h e n t h e pa ra f f in h a s c o o l e d a n d 

h a r d e n e d , s l owly s c r e w t h e b o l t f a r t h e r 

i n t o t h e n u t , t h e r e b y p u s h i n g o u t s o m e 

paraf f in . W h e n a b o u t 1 / 6 4 of a n i n c h 

( o r l e s s ) of para f f in h a s b e e n p u s h e d 

o u t , m o v e a r a z o r b l a d e d o w n a l o n g t h e 

f ace of t h e b o l t , so a s t o c u t off a t h i n 

You can obtain several 
cross sections of a leaf 
by cutting slices of the 
specimen after it has 
been sealed in paraffin. 

sl ice of para f f in . If t h i s s l ice c o n t a i n s a 

p o r t i o n of y o u r s p e c i m e n , p l a c e t h e 

s l ice o n a s l ide a n d e x a m i n e i t u n d e r 

t h e m i c r o s c o p e . If n o t , t h e n p u s h o u t 

a n o t h e r 1 / 6 4 of a n i n c h of pa ra f f in . 

C o n t i n u e t h i s u n t i l o n e of t h e s l ices c o n 

t a i n s a p i e c e of t h e s p e c i m e n . T h e n , g o 

o n m a k i n g m o r e s l ices u n t i l y o u h a v e 

p a s s e d f r o m o n e e n d t o t h e o t h e r of t h e 

s p e c i m e n . E a c h sl ice s h o w s y o u a c r o s s 

s e c t i o n , r e v e a l i n g w h a t is i n s i d e t h e ob 

j e c t u n d e r s t u d y . 

If y o u r s p e c i m e n is t o o l a r g e t o b e 

p u t i n t o t h e h o l e in a b o l t , u s e s o m e 

o t h e r s m a l l c o n t a i n e r , s u c h a s a m a t c h 

b o x . 

T h e E l e c t r o n M i c r o s c o p e 

B o t h t h e s i m p l e a n d c o m p o u n d m i c r o 

s c o p e s a r e c a l l e d opti-

cal m i c r o s c o p e s . T h e y 

b o t h u s e l i g h t t o p r e 

s e n t a n e n l a r g e d 

i m a g e t o t h e eye . B u t 

n o m a t t e r h o w p o w e r f u l o p t i c a l m i c r o -

What are the 
limitations 
of optical 
microscopes? 

s c o p e s a r e m a d e , t h e r e is a l imi t t o t h e 

s m a l l n e s s of t h e o b j e c t t h a t t h e y c a n 

m a g n i f y . W e l e a r n e d t h a t l i gh t m u s t b e 

r e f l ec ted f r o m a n o b j e c t in o r d e r fo r i t 

t o b e seen . O b j e c t s a l s o c a n b e s e e n 

w h e n t h e y s t o p t h e p a s s a g e of l igh t , a s 

w h e n t h e y m a k e a s h a d o w ; a n d a l s o 
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w h e n t h e y p a r t i a l l y s t o p t h e p a s s a g e s of 

l igh t , a s w h e n l i gh t p a s s e s u p f r o m a 

m i c r o s c o p e ' s m i r r o r t h r o u g h t h e b o d y 

of a p r o t o z o a n . L i g h t r a y s h a v e a c e r t a i n 

def in i te size, a n d t h e y c a n n o t b e re

flected f r o m o r s t o p p e d b y o b j e c t s t h a t 

a r e s m a l l e r t h a n t h e r a y s t h e m s e l v e s . T o 

t r y t o see o b j e c t s t h a t a r e s m a l l e r t h a n 

t h e l i g h t r a y s is l i ke t r y i n g t o c a t c h m i n 

n o w s w i t h a m a c k e r e l n e t . 

What is an 
electron 
microscope? 

If w e c o u l d h a v e s o m e k i n d of r a y , o r 

b e a m , t h a t c o u l d b e re

f l e c t e d f r o m o b j e c t s 

t o o s m a l l t o r e f l e c t 

l i g h t , w e c o u l d s e e 

t h e s e o b j e c t s . T h e r e a r e t i n y p a r t i c l e s , 

c a l l e d electrons, t h a t a r e suff ic ient ly 

s m a l l f o r o u r p u r p o s e . S c i e n t i s t s h a v e 

w o r k e d o u t a w a y t o u s e a b e a m of e lec

t r o n s in a m i c r o s c o p e . T h i s m i c r o s c o p e 

is c a l l e d a n electron microscope. 

B y h e a t i n g a c e r t a i n k i n d of w i r e , a 

l a r g e n u m b e r of e l e c t r o n s m a y b e 

o b t a i n e d . E l e c t r o n s a r e e l e c t r i c a l l y 

c h a r g e d p a r t i c l e s . B y u s i n g m a g n e t s in 

e x a c t l y t h e s a m e w a y a n o p t i c a l m i c r o 

s c o p e u s e s l enses , t h e e l e c t r o n s o b t a i n e d 

f r o m t h e w i r e c a n b e f o r m e d i n t o a 

b e a m , t o b e d i r e c t e d a n d m a g n i f i e d . 

S i n c e e y e s i g h t r e q u i r e s l igh t , w e c a n 

n o t l o o k i n t o a n e l e c t r o n m i c r o s c o p e a s 

w e d o a n o p t i c a l o n e . B u t t h e b e a m of 

e l e c t r o n s c a n f o r m a n i m a g e o n p h o t o 

g r a p h i c film. W h e n t h e film is deve l 

o p e d , w e see w h a t w a s b e n e a t h t h e e lec

t r o n m i c r o s c o p e ' s o b j e c t i v e . 

W i t h t h i s i n s t r u m e n t , w e c a n g e t 

m a g n i f i c a t i o n s of m o r e t h a n 2 0 0 t h o u 

s a n d t i m e s , b u t b e c a u s e a n e l e c t r o n mi 

c r o s c o p e c o s t s s e v e r a l t h o u s a n d d o l l a r s , 

A scientist operates a powerful electron microscope. 

i t is u s u a l l y f o u n d o n l y in u n i v e r s i t y 

a n d i n d u s t r i a l r e s e a r c h l a b o r a t o r i e s . 

How does this 

O n e of t h e g r e a t t r i u m p h s of t h e e lec

t r o n m i c r o s c o p e h a s 

b e e n t o r e v e a l vi-
microscope ,« „ 
. . _ r u s e s , t h e s m a l l e s t 
he lp m a n ? 

l i v ing t h i n g s . V i r u s e s 

c a u s e m a n y d i s e a s e s , a m o n g w h i c h a r e 

m e a s l e s , m u m p s , c h i c k e n p o x , s m a l l p o x , 

r a b i e s a n d p o l i o . T h e e l e c t r o n m i c r o 

s c o p e m a y h e l p u s t o c o n q u e r d i s e a s e 

b y e n a b l i n g u s t o w o r k w i t h v i ruses . 

Y o u h a v e l e a r n e d s o m e t h i n g a b o u t 

t h e w o r l d of v e r y s m a l l t h i n g s t h a t ex is t 

a l l a r o u n d u s . Y o u h a v e l e a r n e d a b o u t 

a w o n d e r f u l i n s t r u m e n t , t h e m i c r o 

s c o p e , t h a t h a s e n a b l e d m a n t o e n t e r 

t h i s t i n y w o r l d . Y o u h a v e l e a r n e d h o w 

t o u s e a m i c r o s c o p e a n d h o w t o o b t a i n 

a n d p r e p a r e v e r y s m a l l s p e c i m e n s so 

t h a t y o u c a n o b s e r v e t h e m w i t h t h i s im

p o r t a n t i n s t r u m e n t . 

B u t if w h a t y o u h a v e l e a r n e d h a s 

a r o u s e d a n i n t e r e s t in t h e " u n s e e n 

w o r l d , " t h e n a h e a d of y o u a r e e n d l e s s , 

i n v a l u a b l e h o u r s of f u n a n d l e a r n i n g . 
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